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What’s a common 


denominator 
of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Harel 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol ? 


HEART ATTACK PATIENTS 
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dictors of Long-Term Cardiac Survival in Patients 
hel Vandormael, Ubeydullah Deligonul, Sue Taussig, and 
mJ. Kern 





redictors of 5-year survival in patients with multivessel 
y artery disease undergoing percutaneous transluminal 
y angioplasty were analyzed in a series of 637 patients. 
tricular function was the most important determinant 
‘diac survival, independent of the clinical success of the 
dure. Advanced age and diabetes mellitus were associ- 
th additional risk in the overall group, but not in the 
fully treated group. In patients with multivessel CAD, 
r survival after PTCA is excellent in the absence of these 
se prognostic factors. 









e R. Brodie, Richard A. Weintraub, Thomas D. Stuckey, 
seph LeBauer, Jeffrey D. Katz, Thomas A. Kelly, and 
jes J. Hansen 



















yonary angioplasty was performed in 383 patients 
e myocardial infarction who were classified as candi- 
non-candidates for thrombolytic therapy. The reperfu- 
nd the incidence of nonfatal reinfarction and recur- 
ja were similar in the 2 groups. Thrombolytic can- 
ia significantly lower mortality rate and a lower 
f bleeding. Left ventricular ejection fraction im- 
both groups. Our results suggest that direct angio- 
able alternative method of reperfusion in candi- 
bolytic therapy, and may also benefit patients 
‘nonthrombolytic candidates, such as patients 
hock and those presenting after 6 hours of chest 


iek, Jacques J. Koolen, Gerard Hoedemaker, George 
id, Cees A. Visser, and Arend J. Dunning 


ndardized contrast injection of the contralateral artery was 







, undergoing percutaneous 
for i-vessel disease. 
essel disease and 







is study indicates that a patient 













a high risk when sudden occlu- 
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srmed in 58 patients, without previous myocardial infarc- _ 
transluminal coronary angio- 


0% diameter stenosis but with a 
months) is unlikely to have devel- - ert J. Siegel, stepn and Gerald 
~ Maurer, with the technical assistance of David E. Brown and | 

















Characteristics of Black Patients A 


bs 





Charles Maynard, Paul E. Litwin, Jenny S. Martin, Manuel 
Cerqueira, Peter J. Kudenchuk, Mary T. Ho, J. Ward 
Kennedy, Leonard A. Cobb, Sharon M. Schaeffer, Alfred P. | 
Hallstrom, and W. Douglas Weaver rs 


Since 1988, 641 black and 11,892 white patients with chest — 
pain of presumed cardiac origin were admitted to ‘coronary — 

care units in 19 hospitals in metropolitan Seattle. Despite dif: 
ferences in age, referral patterns, and the use of coronary angi- 
oplasty and bypass surgery, black and white patients wi th myo: 
cardial infarction had similar outcomes. oe ee 










eee a EAA A EEIEIEE ee 
Late Results of 200 Repeat Coronary Artery Bypass 


Operations | 
Hans A. Verheul, Adrian C. Moulijn, Sjoerd Hondema, Michiel 
Schouwink, anc Arend J. Dunning 


Two-hundred censecutive coronary artery bypass reoperations _ 
were performed to determine clinical outcome and long-term .~ 
results. Reoperation is effective but carries an increased, im- 
mediate, operative risk. Reoperation often represents a late 
stage in coronary artery disease with limited prospects, but for 
patients with severe angina it will offer enough benefits to. 
warrant a second operation. | aes 


Fa e ene ee Rie nee Neen a ee Ree ce Steere eeieeee ees 
Cardiovascular Risk Factor Clustering and Ratio of 

Total Cholesterol to High-Density Lipoprotein n W 
Myron H. Luria, Jacob Erel, Dan Sapoznikov, and Mervyr $, > 
Gotsman oo. 


Lipid, rheologic, clinical and arteriographic profiles of 380- 
consecutive patients were divided into quartiles accordin; 
the ratio of total cholesterol to high-density lipoprot 
terol. Clustering of high- and low-level risk factors wa: 


the highest and lowest cholesterol ratio quartiles, respective 











: ely, 
suggesting that this ratio may serve as a marker for a cluster of 
potentially modifiable coronary artery disease risk factors. 


Systolic Function O 
Gregg W. Stone, Brian Griffin, Prediman K. Shah, Daniel S. 
Berman, Robert J. Siegel, Stephen L. Cook, and Gerald 


Kenneth J. Resser 





patients with coronary artery disease presenting with 

ulmonary edema, isolated left ventricular diastolic dys- 

ion. was found in <30% of patients, regardless of the sta- 

of LV systolic function. Moderate to severe mitral regurgi- 

ion, frequently silent, was present in nearly two-thirds of all 

ients. Unrecognized MR may be an important contributing 

tor to acute pulmonary edema in patients with coronary 
ery disease. 


IMIAS AND CONDUCTION DISTURBANCES 


ic ar Tachycardia and Accelerated Ventricular 
; in the First Month of Life 
F. Van Hare and Paul Stanger 


d infants with structurally normal hearts who present 
h ventricular tachycardia or accelerated ventricular rhythm 
he first month of life be treated with antiarrhythmic thera- 
‘Experience with 12 infants attests to the reasonability of 
iholding antiarrhythmic therapy and awaiting resolution of 
ythm. 


"Branch Block and the Prevalence of Septal 
Defects 


Besher Jazmati, Ara Sadaniantz, Susan P. Emaus, and ean 
F. Heller 


he records of 93 consecutive patients with complete left bun- 
e branch block who underwent symptom-limited treadmill 
cercise testing with thallium-201 imaging were reviewed to 
stermine the prevalence of septal defects in a generalized re- 

al population. The study demonstrates a low prevalence of 
ptal defects (14%) in a large population of unselected pa- 
ents presenting for thallium-201 testing. Exercise thallium- 

imaging remains a useful procedure for evaluating patients 
ith one left BBB. 


David J. Callans and Francis E. Marchlinski 


determine the degree of cycle length variability before 
taneous termination of ventricular tachycardia, we mea- 
cycle lengths for the periods of 31 to 21 beats and 11 to 1 
s before termination in 55 episodes from 29 patients. 
nges in QRS morphology were rarely documented before 
ination and thus did not account for the increase in cycle 
h variability, whereas antiarrhythmic agents did enhance 
tendency toward greater cycle length variability at this 


on ‘of the QT Interval and Total and 
bl , 


|. Goldberg, James R roves Chen, Keaven . 
nderson, Emanuela Locati, and Daniel Levy 


line electrocardiograms of 5,125 original subjects from the 


inghean Heart Study were measured to examine the rela- _ 
of the QT interval corrected for heart rate to. long-term 
total mortality, sudden cardiac death and death due to. 
ry artery disease. Results failed to demonstrate an asso- 
‘between baseline QTc and overall mortality, and deaths. 


sudden cardiac events or coronar, artery disease i in a 
ort of f essentially Heaby 2 e a l 


59 k 
Comparison of Lisinopril Versus Atenolol for Mild 
Moderate Essential Hypertension hel 
D. Gareth Beevers, Roger A. Blackwood, Simon Garnhe 
Michael Watson, Abdul A. Mehrzad, Karim Admani, J 

E. Angell-James, Morgan Feely, Shubha Kumar, Murt 

Husaini, David Mannering, Carol Connett, and Christine 


We compared lisinopril (10 to 40 mg) and atenolol 6 | 
mg) in 144 patients with essential hypertension in 
ized, double-blind study. Although both lisinopril and 
produced comparable reductions in sitting and stand 
stolic BP after 8 weeks of treatment, lisinopril produc 
nificantly greater reduction (p <0.05) in sitting systoli K 


consenrive HEART FAILURE. 


Hemodynamic Effects ot Renin Inhibition by | Ena 
Gerald W. Neuberg, Marrick L Kukin, Joshua Penn, Nor 
Medina, Madeline Yushak, and Milton Packer R 


To investigate the hemodynamic effects of renin inhibit 
patients with chronic congestive heart failure, we admini: 
enalkiren (1.0 mg/kg) intravenously to 9 patients. T. 
completely suppressed plasma renin, activity and prod 
creases in cardiac index and decreases in left ventricula 
pressure, mean right atrial pressure, heart rate ands 
vascular resistance. Renin inhibition is hemodynamical 
ficial and may be a novel approach to interfering w 
renin-angiotensin system in patients with chronic CHE. 


Acti ree 


Eric J. Eichhorn, A. lain McGhie, Joh B. Bedotto, J 
Corbett, Craig R. Malloy, Barbara A. Hatfield, David 
Deitchman, John E. Willard, and Paul A. Grayburn - 


Fifteen men had assessments of hemodynamics 
peripheral renin and norepinephrine levels befor 
3 months of therapy with bucindolol. Beta-adren 
ade with bucindolol may reduce neurohumoral a 
congestive heart failure, but the changes in pl 
activity and norepinephrine may not Pes hem 
improvement. ae 


VALVULAR HEART msEASE 


74 — e 
Effects of Percutaneous Transvenous Mitral 
Commissurotomy on Levels pul Plasma Atrial 


- Fuminobu Ishikura, Seiki Nagata, Masashi Akaike, inta 
and Kunio Miyatake 


: The relations between changes in atrial natriuretic. p 
“transmitral pressure gradient, heart rate and blo 


were studied during exercise in 16 patients with t 


before and after percutaneous transvenous mitr 
_otomy. Results suggest that the most im 
-encing the secretion of ANP- ines ex 


ee eet pressure gradient.. 
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er, Anton. Mori : 
|, Susanne Roeder, Herbert t Ehvinger, and Ernst 






gic determinants were: studied. in patients with 
ileaflet valves, in patients with biprostheses and in 
trol subjects. Rheologic. abnormalities may contrib- 
ibus formation at the site of the artificial valve by 
J ting blood flow in regions of flow stagnation 
mediate vicinity of the prosthetic device. 




















the most frequently used anesthetic agent for cardi- 
ation procedures in children with congenital heart 
alter pulmonary vascular resistance or reactivity 
the procedure. Because the primary indication for 
theterization in this age of noninvasive diagnostic 
to obtain pulmonary vascular resistance or reac- 
in order to establish the feasibility of surgery, it is 

ed that ketamine not be used in children undergo- 
c catheterization. 


A Behar, Henrietta Reicher-Reiss, Uri Goldbourt, 
ae and the Principal Investigators of SPRINT, 
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Fibrillation 
isabelle C. Yan Gelder, Harry J. Crijns. Wiek KHN ] 
Hans P. M. Hamer, and Kong l. Lie T 
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Jonathan §. Steinberg and John $. acai oa’ ae 


Case Versus Captopril | Plus Hydrochlor 
for Essential } in Koreans: 
colle W, Jones and Charles D. Sands 
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Kenneth B. Gossler and Stanley J. Goldberg Dee Pee 
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Arithmetic Stress Test in Healthy | 
Kazunori Ushyama, Takeshi Ogawa, Masanori Ishii 
Ajisaka, Yasuro Sugishita, and Iwao Ito = 





Douglas H. Israel, Warren Sherman, John A. Ambrose: Sarr 
Sharma, Noam Harpaz, and Michael Robbins 
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Aloka Color Doppler 
Focuses on Patient Comfor 
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A major trend in 


cardiovascular diagnosis 
RE LIE TS OE RIS CD > 


Næ cardiologists can obtain detailed 
images from a probe placed almost 
adjacent to the heart. Aloka transeso- 
phageal probes go behind the ribcage 
and lungs to overcome these obstacles 
to ultrasound diagnosis. The difference 
is in our advanced transesophageal 
probe design—powerful, flexible, and 
Slim. For easier inser- 
tion and dramatically of 
enhanced patient 
et They can be 
in place for pre-, 
intra-, and post-oper- 
ative monitoring by 
cardiac surgeons and 
anesthetists. 
These probes are so 
slim that even small children can accept 
them. Adults can swallow them while 
awake, making them suitable for out- 
patients as well. No other method can 
present such valuable cardiac data with 
so little patient discomfort and so 
much safety. 


Smaller, more versatile designs 


Patient comfort and diagnostic preci- 
sion now come in three probe varieties. 


Smaller head with ad- 
vanced transducer design 


K 





L 
VARs. 








Because these probes are so easy to 
swallow, they greatly broaden the range 
of ultrasound applications. 

Since the introduction of the SSD-870 
cardiovascular sector scanner, our single 
plane probe has been a primary reason 
for the recognition of the transesopha- 
geal technique as an essential cardiac 
diagnostic tool. Now it is joined by the 
new ultra-slim Aloka pediatric model. 
with tiny 7mm rounded head and slim 
insertion tube. 

We are also proud to introduce a new 
biplane probe. By performing two 
sector scans with a single probe, this 
minimizes blind spots and allows three 
dimensional exploration, giving you even 
more information than a single plane 
configuration. 


Extending the powerful perfor- 
mance of the SSD-870 


Since we introduced the world’s first 
commercially available ultrasonic diag- 
nostic scanner in 1960, the Aloka name 
has become synonymous with ultra- 
sound innovation. Our top-of-the-line 
SSD-870 boasts unsurpassed image 
quality, high frame rate, multi-function 
cine memory, and scrolling memory. 
With our new probes, you'll find that 
the SSD-870 now gives you more 
diagnostic power than ever before. 
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Predictors of Long-Term Cardiac Survival in Patients with 
Multivessel Coronary Artery Disease Undergoing — ae 
Percutaneous Transluminal Coronary Angioplasty 
- -Michel Vandormael, Ubeydullah Deligonul, Sue Taussig, and 
Morton J. Kern : 


‘The predictors of 5-year cardiac survival in patients with multivessel = 
coronary artery disease (CAD) undergoing percutaneous transluminal 
coronary angioplasty (PTCA) were analyzed in a series of 637 consecutive 

¿o _ patients. Angiographically, 460 patients had 2-vessel CAD and 17 7 pas 
-tients had 3-vessel CAD. The left ventricular contraction score was =12in 0o00 0) 
55 patients. PTCA was clinically successful in 526 (83%) of the 637 a 
-~ patients. Complete revascularization was obtained in 177 of 526 success- 
- ful patients. Follow-up for 21 year and up to 6 years after PTCA was 
obtained in 608 (95%) of the 637 patients. To determine the predictors of 


o 5-year cardiac survival, 28 clinical, angiographic and procedural variables 

=- -were analyzed by Cox proportional-hazards regression. The estimated 5- 
© year survival after PTCA was 88 + 2% in successful patients and 77+ 5% 
in patients with failed PTCA (p <0.001). When clinical success was oo 

= forced into the Cox regression, left ventricular contraction score 212,. 

. diabetes mellitus and age >65 years showed additional adverse effectson 
survival. When analysis was limited to 503 patients with clinical success _ 
and 21 year complete follow-up, the only independent predictor of cardi- 
ac mortality was the left ventricular score = 12. In conclusion, left ventric- 

-ular function was the most important determinant of cardiac survivalin 
patients with multivessel CAD undergoing PTCA, independent of the 

clinical success of the procedure. ee 


-Outcomes of Direct Coronary Angioplasty for Acute 


‘Myocardial Infarction in Candidates and Non-Candidates for 
<- -Bruce R. Brodie, Richard A. Weintraub, Thomas D. Stuckey, E. Joseph — 
~ LeBawer, Jeffrey D. Katz, Thomas A. Kelly, and Charles J. Hansen 


a ‘Direct coronary angioplasty was performed in 383 patients presenting "o 
=- with acute myocardial infarction (AMI) who were considered either can- 





Today, the benefits of modular 
design are more significant than 
ever. Because now, with the HP 
Component Monitoring System, 
you can configure your patient 
monitors to meet different needs. 


The system’s modular design 
gives you the flexibility to mix 
and match all the system com- 
ponents. So it truly meets the 
needs of the patient, the clini- 
cian and the physical demands 
of the unit, assuring that you'll 
have the information needed to 
make diagnostic decisions more 
quickly and confidently. 


It also means you can buy the 
capabilities you need now, and 
then add new technologies as 
they become available without 
sacrificing your investment. 


The unique modular design is 
also easier to maintain. But 
that’s not surprising, since we 
were rated #1 by hospital profes- 
sionals in the 1989 Servicetrak 
Patient Monitoring Survey by 
IMS America. 


So call 1-800-542-2351, ext. 
1052 and learn more about how 
all the pieces can fit together. 


Kip HEWLETT 


PACKARD 
















































eu, ce rate 2 (92 vs 5 88%), aaa aioa 0: vs 5. 9%) ; and ao 
-ischemia (1.8 vs 0%). Thrombolytic candidates had a significantly lower 
mortality rate (3.9 vs 24%, p <0.0001) and a lower incidence of bleeding — 
«(4,6 vs 10.9%, p <0.05). Improvement i in left ventricular ejection fraction 
at follow-up angiography was 4.4% in thrombolytic and 10.5% in non- 
thrombolytic candidates (p <0.002) and was greatest in patients with 
- anterior infarctions. These outcomes suggest that direct angioplasty is a 
viable alternative method of reperfusion in patients who are candidates for: 
- thrombolytic therapy. Nonthrombolytic candidates are a very high-risk 
_ group of patients for whom direct angioplasty may be beneficial, especial- 
ly for subgroups of patients in cardiogenic shock and for subgroups. of- 
patients presenting after 6 hours of chest pain with evidence of ongoing l 

ischemia. a 





y E OREL IE EIEN ee aoe een EAE A EE EA T NE EAB 
- Severity of Single-Vessel Coronary Arterial Stenosis and | 
Duration of Angina as Determinants of Recruitable Collateral _ 
Vessels During Balloon Angioplasty Occlusion 
Jan J. Piek, Jacques J. Koolen, Gerard Hoedemaker, George K. David, 
: Cees A. Visser, and Arend J. Dunning 


i: “Standardized contrast injection of the contralateral coronary artery was- 

_ performed in 58 patients undergoing percutaneous transluminal coronary 
angioplasty for 1-vessel disease. The presence of collateral vessels during 

-coronary occlusion was related to clinical, angiographic and electrocardio- 
graphic parameters. Collateral vessels during coronary occlusion showed a 
weak correlation to the percent diameter stenosis before angioplasty (r = 
0.28) and to the duration of angina (r = 0:37). Collateral vessels were 
particularly related to the combination of a lesion severity > 70% and 
duration of angina =3 months (p <0.001). 


|, a ae eee ae eee mae een ce ee eee eR eae mee eee 
Characteristics of Black Patients Admitted to Coronary Care 
Units in Metropolitan Seattle: Results from the Myocardial 
Infarction Triage and Intervention Registry (MITI) 
Charles Maynard, Paul E. Litwin, Jenny S. Martin, Manuel Cerqueira, 
` Peter J. Kudenchuk, Mary T. Ho, J. Ward Kennedy, Leonard A. Cobb, 
Sharon M. Schaeffer, Alfred P. Hallstrom, and W. Douglas Weaver 


| Since 1988, 641 black and 11,892 white patients with chest pain of © ; 
os presumed cardiac origin were admitted to coronary care units in 19 hospi- = 
~ tals in metropolitan Seattle. In a subset of 2,870 patients with myocardial o 





: - Continued on page. a25 





‘infarction, blacks (n = 121) were younger, ha 


surgery and more prior hypertension, and we oft 


re mor 


central city hospitals. During hospitalization, whites ( 


higher rates of coronary angioplasty and coronary artery bypass surgery, 
although thrombolytic therapy and cardiac catheterization were used 
equally in the 2 groups. Hospital mortality for black and white patients 
was similar after multivariate adjustment for key demographic and clini- 
cal variables. Despite differences in age, referral patterns, and thé use of 
coronary angioplasty and bypass surgery, black and white patients with — 
myocardial infarction in metropolitan Seattle had similar outcomes. 


Late Results of 200 Repeat Coronary Artery Bypass 


perations —_— 


- Hans A. Verheul, Adrian C. Moulijn, Sjoerd Hondema, Michiel Schouwink, 


and Arend J. Dunning 


In the present study of 200 consecutive coronary artery bypass reopera- 
tions without an additional surgical procedure, an operative mortality of 
7.5% and an additional operative cardiac morbidity of 11.5% was found. 
Cumulative survival after 5 years was 84% and the probability of a 
cardiac-related event-free period (myocardial infarction, angioplasty, 
third operation or cardiac death) at 5 years was 64%. Clinical status at the 
end of follow-up was good in 79.5% of the patients and 35% had no 
complaints. This result declined over time, and 5 years after the operation — 
almost 50% of the patients had severe angina pectoris again. A reoperation _ 


often represents a late stage in coronary artery disease with limited pros- 


pects in the long term, but for patients with severe angina it will offer 
enough benefits to warrant a second operation, =” 
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aionce of Unsuspected Mitral Regurgitation oad Left 
entricular Diastolic Dysfunction in Patients with Coronary 

< Artery Disease and Acute Pulmonary Edema Associated with | 
cs Normal or Depressed Left Ventricular Systolic Function 

A a Gregg W. Stone, Brian Griffin, Prediman K. Shah, Daniel S. Berman, 

oe Jee J. Siegel, Stephen L. Cook, and Gerald Maurer, with the technical 


Re 


sistance of David E. Brown and Kenneth J. Resser 





i "M study of 40 patients with coronary artery disease and acute pulmo- 


| -nary edema demonstrated evidence of normal systolic left ventricular 


(LV) function in 27% of patients. Isolated LV diastolic dysfunction was. Pe 









noted in <30%, regardless of the status of LV systolic function, whereas — ee i i: 
‘moderate to severe mitral regurgitation (MR), frequently silent, Was 2885, 8 
- -present in nearly two-thirds of all patients. Thus, unrecognized MR may 


-be an important contributing factor to acute pulmonary edema i in patients 
m coronary artery disease. 





. ARRHYTHMIAS AND CONDUCTION Di: sTURBANCES 
Meuiriculer Tachycardia and Accelerated Ventricular Rhythm 
Presenting in the First Month of Life 





| Fourteen infants aged <1 month presented with ventricular tachycardia 
(VT) or accelerated ventricular rhythm and a structurally normal heart. 

In 2, VT was associated with long QT syndrome. Twelve had accelerated 
ventricular rhythm, of whom 2 died before age 2 months of unrelated 


E conditions. Ten are alive at a median age of 4 years. Hemodynamic 







< -Branch Block and the Prevalence of Se 


‘compromise did not occur with accelerated ventricular rhythm. The ven- — 





‘tricular rate was <12% faster than the sinus rate, and the mean QRS P n 
duration averaged twice that in sinus rhythm. Treatment was successfulin 
4 of 5 treated infants and was successfully withdrawn in all. The 10 = 


_ survivors are free of accelerated ventricular rhythm and off antiarrhyth- 

mic medications at follow-up. In view of the excellent long-term outcome 

and lack of hemodynamic compromise during accelerated ventricular 

- rhythm, it seems reasonable to withhold antiarrhythmic therapy in such 
infants and await resolution of the rhythm. 
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Exercise Thallium-201 Imaging i in Complete Left Bundle a 

ptal Perfusion Defects 

Taus, and Gary V Hel ler 









~ Besher Jazmati, Ara Sadaniantz, Susan P. Er 


ee te evaluate the prevalence of septal defects in aok with anie deft f 






nA _ Records of 93 patients with this condition undergoing exercise thallium- | 


bundle branch block (BBB) in a generalized referral ‘population, the- | 





MemoryTrace® 
monitor 


olter monitoring can produce a significant 
number of false negatives. In fact, up to 40% of 


yatients who complain of symptoms suggesting The went experienced monitoria: S 


eee remain undiagnosed after a Holter. 


r ra adicaly Which i is peer 
fedtronic CardioCare oo 24- hour trans- 


S by medical insurance. 


So when you need proof positive of sympto i 


sandloCare average 5. 6 a over their 30-day va arrhythmias, call us at 800-232-4994. 


and more than half of these calls occur after office 
lours. Each day, 15% of the calls we receive meet 
rysician-selected criteria for immediate contact. 














i were reviewed. Analysis r ed that 51% of patie 

nosmal and 49% had abnormal images. Of ae abnormal studies, < ‘on 
` patients had septal defects, whereas 33 (39%) had a much higher percent- 
- vage of inferior or apical defects, or both. Thus, this study demonstrates a 
= low prevalence (14%) of septal defects in a large population of unselected 
- patients. These data suggest that exercise thallium-201 imaging is useful 
= i evaluating patients with compete left BBB. 










































O Ventricular so Associated with eee ree 
Disease 
7 Dawa J. Callans and Francis E. Marchlinski 


K To determine the degree of cycle length variability before spontanedud ae 
-termination of ventricular tachycardia (VT), we measured cycle lengths i. 
- for the periods of 31 to 21 beats and 11 to | beats before termination in 55 

episodes from 29 patients. Significantly greater variability occurred 11 to. © 

| beats before termination than over a ‘period of stable tachycardia (31 to — 

21 beats); however, marked cycle length variability (>40 ms) was also 

= seen in the absence of termination. Changes in QRS morphology were- 

rarely documented before termination and thus did not account for the 

increase in cycle length variability. Antiarrhythmic agents enhanced the 

tendency toward greater cycle length variability at the time of VT termi- 

- nation. These results have important implications for our understandingof. © = 
antiarrhythmic drug action, for validation of computer models of VT 
‘termination and for defining protocols for antitachycardia pacemakers. 













Duration of the QT Interval and Total and Cardiovascular 
-Mortality in Healthy Persons (The Framingham Heart Study 
Experience) 
-Robert J. Goldberg, James Bengtson, Zuoyao Chen, Keaven M. 
Anderson, Emanuela Locati, and Daniel Levy 











The baseline electrocardiograms of 5,125 original subjects from the Fra- 
= mingham Heart Study were measured to examine the relation of QT 
interval corrected for heart rate (QTc) to long-term risk of total mortality, 
sudden cardiac death and death due to coronary artery disease. Quintiles 
of QTc (seconds) were studied in relation to these outcomes. There were 
no significant differences in the risk of total mortality, sudden cardiac _ 
death or death due to coronary artery disease according to QTe. A similar = > 0o 
lack of significant association between QTc and these outcomes was fi ee ee 
served i among all persons studied and in the 2 sexes after using multivari- a 
ate regression analyses. The results of this study fail to demonstrate an 
_ association between baseline QTc and overall mortal ity, and deaths dueto 
= sudden cardiac events or coronary artery disease in a large cohort of ao 
ee. esse tially healthy persons. : 
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3 This iaidomnized; spe: blind study sot lisinopril (10 to 40 mg y f 
and atenolol (50 to 100 mg) in 144 patients with essential hypertension. i 
n After 8 weeks of treatment; both lisinopril and atenolol produced compa- 
_ rable. reductions in sitting and standing diastolic blood pressure (BP). — 
e © However, lisinopril produced a significantly greater reduction (p <0.05) = 
in sitting systolic BP. Both drugs were well tolerated and no important = 
_ changes in the hematologic or biochemical variables occurred. The study = 
= ~ suggests that lisinopril, like atenolol, may be of value as first-line therapy a 
T A essential hypertension. a 
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Her no or dynamic Effects of Renin Inhibition by Enalkiren i in 
Chronic Congestive Heart Failure 

Gerald W. Neuberg, Marrick L. Kukin, Joshua Penn, Norma Medina, 


Madeline Yushak, and Milton Packer 












B We investigated the hemodynamic effects of renin inhibition in 9 patients 

with chronic heart failure by using enalkiren, a primate-selective, dipep- 
tide renin inhibitor. Enalkiren (1.0 mg / kg) administered intravenously = 
completely suppressed plasma renin activity (8.4 + 2.8 ng/ml/hour to 
-yalues <0.2 ng/ml /hour) and produced increases incardiacindex(1974 = = 0o 
0.25-to 2.31 + 0.14 liter/min /m*) and decreases in left ventricular filling 
pressure (31.0 + 2.7 to 24.9 + 2.9 mm Hg), mean right atrial pressure 
(15.4 + 1.4 to 13.0 + 1.9 mm Hg), heart rate (78 + 5 to 72 + 6 beats/ 
- min) and systemic vascular resistance (2, 199 + 594 to 1,339 + 230 
i dynes-s-cm7) (all p <0.01 to 0.05). Hence, renin inhibition produces 
hemodynamic benefits in heart failure and may potentially provide a novel 
approach to interfering with the renin-angiotensin system in patients with 
this disorder. 
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-Effects of Bucindolol on Neurohormonal Activation in- oo 
Congestive Heart Failure a ee 
Eric J. Eichhorn, A. lain McGhie, John B. Bedotto, James R. Corbett, 

Craig R. Malloy, Barbara A. Hatfield, David Deitchman, John E Willard, 
and Paul A. Grayburn 


To examine the effects si 6-adrenergic T n on i newton I ola oe 
vation in patients with congestive heart failure, 15 male pi ents had 
assessments of. hemodynamics and supine peripheral renin and. 
nephrine levels before and after 3 months of oral. B-blocker í ey. ‘At 
baseline, norepinephrine levels had a weak correlat ion with left ventricular 
end-diastolic pressure, stroke volume index and pulmonary vascular resis- 
tance. “Plasma renin levels decreased. with /B-blocker therapy, whereas 


plasma norepinephrine was unchanged. Although plasma norepinephrine 


did not decrease, heart rate tended to decrease with B-adrenergic block- 


ade, suggesting. neurohormonal antagonism at the receptor level. No. 


changes in 1-123- metaiodobenzylguanidine uptake occurred- after É- 
blocker. therapy, suggesting unchanged norepinephrine uptake 1 with 8 
blocker ee d The. Response: of r renin or ee ai leve 


Fumiiobu ph, S ‘Seiki ki Nagata Masashi maka on Tana an a > = 
Kunio Miyatake 


To clarify the fac that influenced d the secretion nof of huma i trial natri- n 


ood | pressure w were : 


A ANP ani pine ties in 16 patients with mitral septs x 
< percutaneous transvenous mitral commissurotomy (PTMC). Be 


after TMC, ANP levels increased after exercise testing conco 

wit increment i in mean transmitral pressure gradient, heart rate and 

systol blood pressure. However, increments of ANP, mean transmitral 
§ gradient and heart rate after PTMC were lower than those before 


PTM . To determine the most important factor influencing the secretion — 


of ANP, the: differences between these parameters " were calculated at : 








submaximal exercise before and after PIMC. There wasa significant 
relation only between the change in ANP and that in mean transmitral 
pressure gradient (r = 0.70, p <0.01). These results suggest that the most 
important factor influencing the secretion of ANP during exercise is the 
change in transmitral pressure gradient. 


Blood Rheology After Cardiac Valve Replacement with 
Mechanical Prostheses or Bioprostheses = 


Renate Koppensteiner, Anton Moritz, Werner Schlick, Gabriele Fenzl, 
Susanne Roedier, Herbert Ehringer, and Ernst Wollner = 


Hemorrheologic determinants— fibrinogen, plasma viscosity, red cell ag- 
gregation, hematocrit and platelet aggregation——-were studied in 92 pa- 
tients with mechanical bileaflet valves, in 28 patients with bioprostheses 
and in 29 healthy control subjects. Fibrinogen, plasma viscosity, and red 
cell and spontaneous platelet aggregation were increased in all patients 
with substitute heart valves compared with control subjects; among pa- 
tients, fibrinogen, plasma viscosity and spontaneous platelet aggregation 
were higher in patients with mechanical valves than in patients with 
bioprostheses, whereas no difference could be found for red cell aggrega- 
tion. Rheologic abnormalities may contribute to thrombus formation at 
the site of the artificial valve by further disturbing blood flow in regions of 
flow stagnation created in the immediate vicinity of the prosthetic device. 


CONGENITAL HEART DISEASE 


Hemodynamic Effects of Ketamine, Hypoxia and Hyperoxia in 
Children with Surgically Treated Congenital Heart Disease _ 


Residing 21,200 Meters Above SeaLevel __ 
Robert R. Wolfe, James P. Loehr, Michael S. Schaffer, and 
James W. Wiggins, Jr. 


Ketamine is the anesthetic agent most often used for cardiac catheteriza- 
tion procedures in pediatric patients with congenital heart disease. Since 
the advent of sophisticated. noninvasive diagnostic equipment, one of the 
few indications for cardiac catheterization is to obtain accurate pressure 
_data. If ketamine alters pulmonary vascular resistance, it would negate 
the primary reason for the procedure. Pulmonary and systemic vascular 
resistance ratios and reaction to hypoxia identified 3 groups: normal, 
intermediate and hyperresponders. Normal responders had a normal re- 
sistance ratio (0.11) in room air and had little resistance ratio response to 
hypoxia (+0.02), hyperoxia (—0.03) or ketamine (+0.01). Intermediate 
responders had a slightly elevated resistance ratio (0.20) in room air, and a 
moderate reaction to hypoxia (+0.13), hyperoxia (—0.08) and ketamine 
(+0.11). Hyperresponders had an elevated resistance ratio (0.42) in room 
air, and a striking reaction to hypoxia (+0.61), hyperoxia (—0.17) and 


ketamine (+0.49). Ketamine should not be used in children undergoing 
procedures to establish operability based on pulmonary vascular resistance — 


or pulmonary vascular reactivity. 













7 “Comparison of Exercise Stress Testing with Ambulatory _ 
__ Electrocardiographic Monitoring in the Detection of | 
= = Myocardial Ischemia After Unstable Angina Pectoris 
ce Ee dan Wilcox, S. Ben Freedman, Jianan Li, Philip J. Harris, and 


id T. Kelly 











adian Variation | in 1 Pain Onset i in y i nstable ‘Angina Pectoris 


7 Ge cher Behar, Henrietta Reicher-Reiss, Uri Goldbourt, Elieser 
-= Kaplinsky, and the Principal Investigators of SPRINT, Israel 
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| trial Fibrillation | 
Isabelle C. Van Gelder, Harry J. Crijns, Wiek H. Van Gilst, Hans P. M. 
Hamer, and Kong |. Lie 





eb oe . ; 
m Cardiac Rhythm Precipitating Automatic implantable oe ce 
_ Cardioverter-Defibrillator Discharge in Outpatients as Detected Aa 
-from Transtelephonic Electrocardiographic Recordings ee A 
Jonathan S$. steinberg. and John S. Sugalski 





98 __ 
‘Captopril Versus Captopril Plus Hydrochlorothiazide for 
_ Essential Hypertension in Koreans _ 
Daniel W. Jones and Charles D. Sands 
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- Kenneth B. Gossler and ca J. Goldberg 
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Michel Vandormael, MD, Ubeydullah Deligonul, MD, Sue Taussig, A and Morton J. Kern, MD 


predictors of 5-year cardiac aa in pa- 
ts with multivessel coronary artery disease 
D) under cutaneous transluminal coro- 
ary angioplasty (PTCA) were ännlyzed ie ina series 


$9 4 11 years in 472 men and 165 women. ‘Diabe- 
s mellitus, previous myocardial infarction and un- 
able angina were present in 119 ( 19%), 261 
%) and 305 (47%) patients, respectively. Angi- 
iphically, 460 patients had 2-vessel and ike 
ents had 3-vessel CAD. The left ventrict 
raction score was 212 in 55. patients. Maia: 
hic success (<50% residual stenosis) was 
eved in 85% of the 1,343 narrowings and clini- 
| success was obtained i in 526 (83%) of the 637 
tients. Complete revascularization was obtained 
177 (34%) of 526 successful patients. Proce- 
re-related complications resulted in death in 9 
patmts iA in wave myocardial infarction 


nate ral aft er P PT CAm was ss + 2% in 
ce sstul patients and 77 + 5% in poean in 
m PTCA was unsuccessful (p <0.001). When 
nical success was forced into the Cox regression, 
eft ventricular contraction score of 212, diabe- 
ellitus and age >65 years showed additional 
erse effects on survival. When analysis was lim- 
to 503 patients with clinical success and >1 
complete follow-up, the only independent pre- 


dictor of cardiac mortality was. the left ventricular 
score of 212. 7 
In conclusion, left verte’ cular function was the 
most important determinant of cardiac survival in a 
patients with multivessel CAD undergoing PTCA, 
independent of the clinical success of the proce- 


| dure. Advanced: age and diabetes mellitus were as- 


but not in the successfully treated. group. In pa- 
tients with multivessel CAD, S-year survival atte 
PTCA is excellent in the absence o ‘se 
prognostic factors. 5 a 
{Am J Cardiol 1991;67:1-6) 


gioplasty (PTCA) is now being widely applied i in 
patients with multivessel coronary artery disease 
(CAD), many questions regarding indications, patient 
selection and long-term outcome remain unanswered. 
Several studies with intermediate-term follow-up (aver- 
age 15 to 31 months) have shown a mortality rate of 2% 
and a nonfatal myocardial infarction rate of 2 to 3% 
during the first 2 years after the procedure.'-* In these 
series, a second revascularization procedure was re- 
quired in 25 to 30% of patients, most often during the 
first year. The second revascularization procedure per- 
formed was coronary artery bypass surgery in approx- 
imately two-thirds of patients and repeat PTCA in 
others. i 
There are only limited data on longer (24 years} 
follow-up after PTCA in patients with multivessel 
CAD. The follow-up results are often presented only in 
patients with clinically successful procedures, with less 
emphasis on the impact of unsuccessful or complicated 
PTCA on the overall long-term outcome. Although : 
eral factors have Deen E CAD: to survival vith med 


N ithough percutaneous transluminal coronary an- 


0. Manuscript received June 11, 1990; revised manu-) as eae 


h s Cardiology Division, St. Louis University Hospital, St. Louis, 













and Angiographic Characteristics 










637 
59 + 11 (29-94) 














betes mellitus* 










temic hypertension” 284 44 
‘igarette smoking* 246 39 
revious (>1 week) myocardialinfarction 261 41 
instable angina 305 47 


ngina 2 (Canadian Cardiac Society) 





















o-vessel CAD 













it proximal narrowings 137 30 
Proximal LAD + proximal LC 18 
Proximal LAD + proximal right 74 
Proximal LC + proximal right 45 

“One proximal narrowing 260 57 

T otal occlusion 123 27 


LV score 212 


-+ Definition of coronary risk factom is based on patient history. diabetes mellitus = 

_ treatment by diet, oral antidiabetic drugs or insulin of elevated blood sugar: systemic 

“hypertension = a previous diagnosis of high blood pressure or treatment by diet or 

: antihypertensive therapy, or both; aigarette smoking = any tobacco smoking habit 

E ‘continued within 1 year of percutaneaus transluminal coronary angioplasty. 

= CAD = coronary artery disease; BAD = left anterior descending artery: LC = left 
circurnflex artery; LV = left ventricular. 












































-with multivessel CAD undergoing PTCA to provide 
< guidelines for better selection and follow-up care of the 
“patients. 


METHODS 

<: Patients: Six hundred and thirty-seven consecutive 
S patients with multivessel CAD underwent initial PTCA 
at our institution between May 1983 and June 1988. 
-The patient selection criteria, cardiac catheterization 
-and coronary angioplasty procedures have been previ- 
„ously described.® Briefly, the patients were selected on 
the basis of suitability of culprit lesion(s) to PTCA. In 
general, all patients were surgical candidates, although 
a small number of “salvage” PTCA procedures were 
performed. The patients with prior coronary bypass sur- 
gery and those with acute transmural myocardial in- 
- farction within 1 week of PTCA were not included in 
this study. | 

Angiographic evaluation: Multivessel coronary dis- 
ease was defined as diameter stenosis of 250% of 2 ma- 
jor coronary arteries as determined by averaging the 
caliper measurements in 2 views. Patients with narrow- 
ings in the diagonal branches were considered as having 
left anterior descending CAD. Patients with stenosis in 
the obtuse marginal branches were considered as having 
circumflex CAD. Thus, when a patient had dilatation of 
ag onal and e anterior descending ao} narrow- 





right coronary artery, le 


fore first septal branch a left circumflex art sry t . 
first obtuse marginal branch) and distal (posterior d de 
scending and posterolateral branches of right coronar 
artery, mid- and distal segments of left anterior de 
scending and diagonal branches, and marginal branches 
and distal part of the left circumflex artery). The ex- 


tent of residual coronary disease immediately after the. bs 
PTCA procedure was evaluated by the number, severity > 














(50 to 69, 70 to 99 and 100%) and location (proximal 
versus distal) of lesions. The presence of 270% proxi- _ 


mal left anterior descending artery narrowings was also — 


included in the analysis as a separate variable. 


Left ventricular function was assessed on 30° right 


anterior oblique ventriculograms by using a contraction _ 
score according to the Coronary Artery Surgery Study 
coding system.’ A left ventricular contraction score of — 
>12 was selected to identify patients with significant 
left ventricular dysfunction. In the Coronary Artery . 


Surgery Study registry, a left ventricular score of 212 ~ 


was a predictor of poor outcome in medically treated — 
patients.'? Left ventricular ejection fraction was not _ 


available in all patients; therefore, it was not included i in 
the analysis. = 
Evaluation of percutaneous transluminal coronary 


angioplasty results: Angiographic and clinical success — 






and degree of revascularization were defined as previ- nee 
ously described.> Briefly, coronary artery narrowings ~ 
were considered successfully dilated when a 30% reduc- 
tion in luminal diameter stenosis was obtained and the — 
residual narrowing was <50%. Clinical success was de- _ 


fined as successful dilatation of the critical stenosis or of 


all attempted lesions without exacerbation of symptoms < 
and witheut major in-hospital complications, such as. ` 
myocardial infarction, the need for coronary bypass — 
grafting or death. Complete revascularization was de-. _ 
fined as successful dilatation of all major coronary or - 
branch vessels and absence of residual stenosis of >50% _ 


in a major coronary vessel. Our strategy was to attempt- 
dilation of all significant narrowings during the same - 


procedure. Dilation of occluded vessels that supplied 
akinetic left ventricular segments was not routinely at- _ 


tempted. 


Follow-up: All patients were eligible for 21 year of 2 
follow-up. The functional status of the patients and — 


presence or absence of cardiac events (acute myocar- 
dial infarction, coronary bypass surgery, repeat PTCA) 
were prospectively determined by questionnaire, tele- 
phone interview or clinic visit at 6 months and 1 year 
after the PTCA and then at l-year intervals. The med- 
ical records (discharge summary, catheterization or 
PTCA reports, operative records) were obtained to doc- 
ument the occurrence of nonfatal events. Only 7 pa- 
tients (6 with a second revascularization and 1 with 
myocardia! infarction) refused to release their medical 
information. Therefore, the events in these 7 patients 


were defined according to the patient’s descriptions. The 
deaths that occurred as a result of clearly described . 
ssel, noncardiag e causes s (such, s cancer, accidents, 





and so. 








i Results of Percutaneous Transluminal Coronary 


Tota 637 
No. of lesions dilated /attempted 1,133/1,343 
Clinical success 
Complete revascularization 
-= Incomplete revascularization 
“Reason for incomplete revascularization 
Total occlusion 
- >70% narrowing 
< 50-70% narrowing 
Remaining narrowing(s) after PTCA - 
Single narrowing 
Multiple narrowings 
‘Proximal narrowing 
Proximal total occlusion 
Proximal LAD >70% 
omplications 
Procedure-related death* 
‘Emergency coronary bypass surgery 
No myocardial infarction 
‘With myocardial infarction 
-wave myocardial infarction 


+ Procedure related death was defined. as death occurring immediately in the 


catheterization laboratory or later in the hospital asa documented, direct result ofa | 


complication of PTCA, 
~ LAD = feft anterior descending artery: PTCA ee percutaneous transluminal coro- 
nary angioplasty. 


verification of cause of death was attempted other than 
available records and family’s description. 
-o Statistical analysis: All statistical analyses were per- 
formed using the BMDP program.'! Survival analysis 
-was performed by the Kaplan-Meier method. The non- 
-cardiac deaths were censored at the time of death. The 
group survival differences were compared using the 
< Mantel-Cox test. Clinical, angiographic and procedural 
-> factors included in Tables I and IT were analyzed in a 
< Cox regression model for cardiac survival. The angio- 
graphic and procedural variables were selected for anal- 
ysis to indicate the extent and severity of CAD before 

d after PTCA. Cox regression analysis was per- 

med in the overall patient group (including patients 


rho had successful and unsuccessful PTCA) by forcing 


ie clinical success variable into the regression model 
-and then entering other variables in a stepwise fashion 
to determine additional independent effects on survival. 
A second analysis was ‘performed only in clinically suc- 
cessful patients to determine the predictors of out-of- 
ospital survival. Relative risk ratio for each indepen- 
it variable was calculated from relative risks for fa- 
able and unfavorable values of each variable.!2 


TABLE iii Five-Year Gitare off ercutaneous ` ranslu y 
Coronary Angioplasty in Multivessel Disease. n 


Whole Group 
(n = 637) 


Cardiac Events* 
With complete follow-upt 
Noncardiac death 
Cardiac death 
Nonfatal myocardial infarction 
Emergency coronary bypass surgery 
Elective coronary bypass surgery 
Repeat PTCA 
* Mutually. exclusive categories in listed order. 
* Fifteen additional patients had incomplete follow-up, no events; 5 additional pa 
tients had incomplete follow-up. events not included in this table; 9 patients were: o 


to follow-up. 
PTCA = percutaneous transluminal coronary angioplasty. 


had clinical SUCCESS (34%) (Table Il). The major com 


Follow-up results: A total of 608 patients (95%) had 
complete follow-up data with 21 year of follow-up up- 
dated within 6 months of the study deadline. Twenty 
additional patients — had incomplete follow-up, 5 of 
whom had various events (coronary bypass surgery in 4 
and PTCA in 1) that were not included in the analysis. 
Nine patients were completely lost to follow-up. The in- 
cidences of cardiac events (mutually exclusive) for the 
whole group and for the group with clinically successful 
PTCA are listed in Table HI. The 30-day mortality rate 
for the whole group was 3.2% (21 patients). PTCA was 
performed as a salvage procedure in 4 of these 21 pa- 
tients. The indication for second revascularization in 
130 patients with an initially successful PTCA proce- 
dure was restenosis in 67 (51%), progression of CAD in 
21 (16%) and combined restenosis and progression in 


22 (17%). Incomplete revascularization at the initial 


PTCA was the indication for second revascularization 
in only 13 (10%) patients. In 6 patients, angiography 
was not performed or was unavailable, and 1 patient 
underwent valve surgery after successful PTCA. ! 
Predictors of cardiac mo: s The cardiac survival 
estimated by the. Kaplan-Meier analysis was 93 + 1, 92 
+ 1,90 + 1, 88 + 1 and 86 + 2% at 1 through 5 years, 
respectively, in the overall group. The number of pa- 
tients at risk for these estimates were 509, 419, 307, 175 
and 62 at 1 through 5 years, respectively. Clinical suc- 
cess was associated with more favorable 5-year cardiac 
survival (88 + 2%) compared with survival in patients 
with unsuccessful PTCA (77 + 5%) (p <0.001) (Figure 
1). This difference was mostly related to early mortality 
in patients with failed PTCA (complicated or noncom- 
plicated but unsuccessful) procedures. The Cox regres- 
sion analysis was first performed in the overall group of 
637 patients to include the possible effects of an unsu 
cessful procedure and complications, such as myocar 


infarction and emergency bypass surgery, on sur 











1 Year 
(n = 509) 





“Age 265 years 
A Yes 


*. ‘Survival estimate + standard efror of the estimate. 
‘Global.chi- square. 


on to the immediate outcome of PTCA (successful 
failed). Estimated ratio of risks for each of these vari- 
bles are listed in Table V. 
When the analysis was repeated in the group of pa- 
ents with clinically successful PTCA results, the only 
significant independent predictor of cardiac mortality 
as a left ventricular contraction score of 212, with an 
estimated relative risk ratio of 6.2 (p <0.001). 


DISCUSSION 

_ In this large consecutive series of patients with mul- 
tivessel CAD undergoing PTCA (including unsuccess- 
ful procedures), the estimated 5-year survival was ap- 
proximately 90%. There was a relatively stable and low 
yearly attrition ‘rate of 1 to 2% beyond the first year 
after PTCA. Because of the selection criteria applied, it 
is difficult to compare the survival in this series to previ- 
ously published survival of surgical or medical series. 
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There is an increased procedural risk of death i in pa- 
tients with multivessel CAD undergoing PTCA. Ellis 
al,!3 in a large series of patients, found the presenc 
multivessel CAD to be a significant independent pred 
tor of in-hospital mortality. Similarly, the Nationa 
Heart, Lung, and Blood Institute PTCA Registry r 
ported a higher in-hospital mortality in patients with : 

multivessel CAD than in those with 1-vessel disease.!4 

In the current study, failed PTCA was associated e 
with lower survival, mostly because of higher early mor- 
tality (Figure 1). We were also able to identify addition- 
al risk factors for increased mortality independent of 









































risk factors will increase the likelihood of death shoul 
PTCA fail. Among the variables analyzed, old | age an 
the presence of diabetes mellitus were significant clini- 
cal predictors of mortality after PTCA. The risk of 
PTCA has been reported to be increased in elderly pa- 


PTCA IN MULTIVESSEL CORONARY DISEASE 








FIGURE 1. Kaplan-Meier Seer awe 
partied arcsec multivessel coro- 











angi noe PTCA), The numbers of pa. 
; tients at risk in each group at each time 
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figure. 
























J N has also been noted previously. 13 Diabetes melli- 
is is a well known risk factor for restenosis after 
ba 1718 The presence of diabetes i is Ae associ- 


mpe of mortality: In the overall s series of tee ns un- 
ft ventricular dysfunction was the most important pre- 
ctor of mortality (Figure 2, Tables IV and V). The 
ive impact of left ventricular dysfunction on sur- 


ear survival in patients with and without left ventricu- 





















<0. 0001). When the survival was analyzed by Cox 
ession in the group of patients who had clinical suc- 
Ss the only factor associated with poor long-term out- 


(p 


though left ventricular dysfunction was a strong pre- 
or of cardiac mortality, it was present only in 9% of 


n process for PTCA. The importance of left ventricu- 
ar function as a predictor of the natural history of 
\D?! and of clinical outcome with medical’? or surgi- 
calé therapy i is well known. — 
. Certain subsets of patients with multiveasel coronary 
sease and decreased left ventricular function have 
onstrated a survival benefit with surgical revascu- 
i iz; tion compared with medical therapy.?? Our study 
es:not provide data on the effect of PTCA compared 
; medical treatment on survival in patients with left 
ventricular dysfunction because there is no control 
- group. It is also difficult to make meaningful compari- 
< sons of survival with previous studies owing to the dif- 
~ ferent selection criteria applied. In the Coronary Artery 
e Study, the 7-year mortality rate in patients 
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5 . nov redictor of mortality and = [> a = . 
idity ty after c coronary bypass surgery. 16 The relation q TABLE V V Estimated Relative Risk Ratios for maeperne 







jn asa pre~- 


: rgoing PTCA for multivessel CAD, the presence of — 


l persisted after successful PTCA: The estimated 5- 


ysfunction was 90 + 2 and 64 + 10%, respectively 


‘was the presence of left ventricular dysfunction. 


the patients, presumably because of the clinical selec- 


‘gional wall motion abnormalities before PTCA, we ob 


possible that restenosis may offset some of the possible 
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Relative 
Risk 










independent Variable 





Immediate outcome of PTCA 

























































Failed 1.74 1.96 
successful 0.89 

_ Left ventricular contraction score ` 
212. 4.1 465 — 
<12 0.88 

Diabetes mellitus. F 
Present 2.04 243 - 
Absent 0.84 

Age (years) 
w 





50 


* See Table W 
PTCA = oes transtumina coronary angioplasty 






with multivessel disease who had only mild angina anc 
a left ventricular ejection fraction 234% but <50% wai 
84% for surgically treated and 70% for medically treat 
ed patients? The difference between medically an 
surgically treated patients was only significant in thos 
with 3-vessel disease. (65 vs 88%). The important ques 
tion is whether PTCA in patients with multivessel dis 
ease and left ventricular dysfunction would provide « 
similar survival benefit to that expected from surgica 
revascularization. In patients with left ventricular re. 





served that regional systolic function was more likely to 
improve in patients without restenosis.” Therefore, it is 





survival benefit gained by PTCA revascularization. | 

The effect of the baseline extent of CAD, classified 
as 2- or 3-vessel CAD according to the usual clinica. 
terminology, on cardiac survival after PTCA for 
tivessel CAD has not been well defined. Althougt 
natural ay of patients with 3-vessel CAD is charac: 
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p<0.0001 
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aracteristics, thus creating a bias (owas a similar 
al after PTCA in patients with 2- and 3-vessel 
D. The routine clinical “2- or 3-vessel CAD” strati- 
tion probably is not a satisfactory method to classify 
severity of CAD in patients undergoing PTCA. A 
yocardial jeopardy score based on the size of territory 
pplied by each vessel may have more prognostic val- 
24 The degree of revascularization (complete versus 
incomplete) obtained with PTCA was not a predictor of 
rvival in our study. The follow-up data from the Na- 
ynal Heart, Lung, and Blood Institute PTCA Regis- 
y25 showed that patients with incomplete revascular- 
ation had a higher mortality, with an estimated risk of 
63, than those with complete revascularization. How- 
er, when a logistic regression model was used to ad- 
st for significant | differences i in baseline, including an 
ection fraction <50%, the adjusted estimate of risk of 
eath was no longer : different between patients with in- 
spine and Pa revascularization. 

















a, survival, independent of the immediate suc- 
ss or failure of PTCA. Old age and diabetes mellitus 





cases were analyzed together. These results may provide 


_multivessel CAD for PTCA. In future studies evaluat- 


“variables must be taken into consideration. 


| nowi : We wish to thank the J. Gerard 
“Mudd Cardiac Catheterization Team and Donna Sand- 
er for manuscript preparation. 
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3 88%), nonfatal reinfarction = vs 5.9%) and 
purrent myocardial ischemia (1.8 vs 0%). Throm- 
€ candidates had a lower mortal e rate (3.9 
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walli (7 olytic ‘candidates, 15.1% 

: in nonthrombolytic candidates) and in patients with 

_ reperfusion times >6 hours (14.2%). 

"These outcomes suggest that direct coronary 
angioplasty is a viable alternative method of reper- 

usion in patients with AMI who — candidates for 
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| - thrombolytic therapy i is the most widely used method o 
- reperfusion, but is limited by modest reperfusion rates 






to 6 hours were selected only if they had evidence of 
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"t is now well established that coronary artery re 
perfusion is. beneficial in the early treatment. o 
acute myocardial infarction (AMI). Intravenou 


significant residual stenosis of the infarct vessel an = 
contraindications to its use in many patients. Percutane- 
ous transluminal coronary angioplasty has been used in 
an attempt to overcome these limitations, but the results’ 
of several large multicenter trials suggest that routine. 
angioplasty after thrombolytic therapy may have limit- 
ed value. +7 | 

Direct coronary angioplasty without prior thrombo- | 
lytic therapy has been used to establish reperfusion in- 
patients with AMI, but its role has remained controver- 
sial.8-!9 Most published studies have been small and’ 
have not allowed analysis of subsets of patients, and this- 
has made comparisons with other reperfusion strategies. 
difficult.®°)-14 This study evaluates the role of direct 
angioplasty i in the treatment of AMI in 2 major sub- 
groups of patients—patients who are considered candi- 
dates and patients who are considered not to be candi- 
dates for peau therapy. i 


METHODS 

Study patients: The iy population comprised 383. 
consecutive patients with transmural AMI treated with 
primary coronary angioplasty, without prior thrombo- ` 
lytic therapy, at The Moses Cone Memorial Hospital. 
from 1984 through 1988. An electrocardiographic ST- 
segment elevation of =1 mm in 22 contiguous leads. 
was required. Patients presenting with chest pain after 4 












ongoing ischemia or hemodynamic compromise. During 
the study period, 636 patients with AMI were treated 
by our cardiology group. Of these patients, 201 were not- 
treated with reperfusion therapy because they did not . 
meet electrocardiographic criteria for transmural AMI, - 
presented late after the onset of chest pain, or had se- 
vere disease of other organ systems, Twenty-seven pa- 
tients were treated with primary thrombolytic therapy 
which was often given before referral to our institutior 
Twenty-five patients had emergency catheterizati 
but did not have coronary angioplasty because th 
farct shapers was small o or because the anatomy wa 























































































: Patients were classified into 2- 
groups depending on whether they met gener- 
pted criteria for inclusion in thrombolytic tri- 
atients were considered nonthrombolytic candi- 
if they: (1) presented in cardiogenic shock, (2) 
re 275 years of age, (3) had undergone coronary ar- 
y bypass graft surgery, or (4) had a reperfusion time 
f >6 hours. All other patients were considered throm- 
lytic candidates. These criteria are those used in the 
rombolysis and Angieplasty in Myocardial Infarction 
AMI) trial and are similar to criteria used in the 
rombolysis in Myocardial Infarction (TIMI) II-B tri- 
although the TIMI-II-B trial included a small num- 
er of patients with cardiogenic shock.*’-!> 

Treatment protocol: Patients with AMI were given 
lingual and intravenous nitroglycerin, intravenous 
eparin (5,000 U) and lidocaine in the emergency room 
nd were transported promptly to the cardiovascu- 
ar laboratory. An experienced cardiac catheterization 
eam consisting of 3 technicians and 1 or 2 invasive car- 
jiologists was on call 24 hours a day and the procedure 
enerally could be started within 30 to 60 minutes of 
otification. Coronary angiography and left ventriculog- 
aphy were performed by the femoral approach. The 
infarct vessel was identified, reperfusion was established 
mechanically with a guidewire, and coronary angio- 
lasty was performed using standard techniques. In pa- 
ients in cardiogenic shoek, an intraaortic balloon was 
“frequently inserted. All patients received 12,000 to 
-20,000 U heparin during the procedure and a heparin 
„infusion for 4 to 6 days to keep the partial thromboplas- 
“tin time 2 to 3 times the control. Unless contraindicated, 
all patients received enteric-coated aspirin, intravenous 
nitroglycerin, calcium channel blockers and 8 blockers 
after the procedure. Aspirin was not given routinely be- 
-fore the procedure until the last few months of the study 
_ period, 

Definitions: Cardiogenic shock was defined as hypo- 
-tension (systolic blood pressure <85 mm Hg) not re- 
- sponsive to volume expansion and associated with severe 
-left ventricular dysfunction or severe right ventricular 
infarction. Reperfusion time was the time from the on- 
- set of chest pain until mechanical reperfusion was estab- 
_ lished with the angioplasty wire. Successful angioplasty 
-was defined as successful reperfusion with reduction in 
: the luminal diameter stenosis to <60%. Reinfarction 
~ was defined as recurrent ischemic chest pain associated 
-with new or worse ST-segment elevation, or a new rise 
_ in creatine kinase and the MB fraction, or both. Recur- 
“rent ischemia was defined as recurrent ischemic chest 
: pain, without criteria for infarction, requiring interven- 
_ tion with either repeat coronary angioplasty or coronary 
~ bypass graft surgery. 

- Follow-up catheterization and angiography: Follow- 
up angiography was performed routinely at 6 months in 
consenting patients during the first 3 years of the study 
but was performed only when clinically indicated during 
he last 2 years. Follow-up studies were obtained in 81% 











length method with correction for the 30° ri ht ante 
oblique projection.'!® Only sinus beats were analyzec 
and ventriculograms were omitted if opacification wa 


inadequate. Observers were blinded as to whether the — 
ventriculograms were from acute or follow-up studies 
and whether the infarct vessel was patent or occluded. 
Data analysis: Chi-square with Yates’ correction for _ 
continuity was used as a test of the homogeneity of pro- 
portions for analyses involving pairs of dichotomous _ 
variables. Fisher’s 2-tailed exact probabilities were cal- — 
culated for all fourfold tables when 21 of the expected _ 
cell frequencies was <5. Student's ¢ test for independent — 
samples was used to analyze the difference in means of — 
continuous variables. Values are expressed as mean + 1 _ 


standard deviation. Multiple logistic regression was used — 


to assess the relations between baseline variables and 
hospital mortality. 


RESULTS 
Baseline characteristics (Table 1): As expected from 


the selection criteria, nonthrombolytic candidates were. a 
older and had longer reperfusion times than thrombo- 
lytic candidates. Nonthrombolytic candidates also in- : i 
cluded a greater number of female patients, had a _ 
greater incidence of previous myocardial infarction and - 


multivesse! coronary disease, and had a lower initial left- 


ventricular ejection fraction than thrombolytic candi- 7 


dates. 


Hospital outcomes (Table fl): Successful angioplasty: : 


was performed in 92% of thrombolytic and in 88% of . 
nonthrombolytic candidates. Hospital mortality was sige 
nificantly lower in thrombolytic than in nonthrombo- — 
lytic candidates (3.9 vs 24%, p <0.0001). Nonfatal rein- 
farction was similar in both groups. Fourteen of the 23. 
patients with reinfarction had repeat emergency angio- 
plasty and 12 of these were successful. Recurrent isch- ~ 


emia requiring intervention occurred in 5 (1.8%) throm- 
bolytic and in none of the nonthrombolytic candidates. 


Coronary artery bypass surgery during the hospital stay ~ 


was required in 18 (6.4%) thrombolytic and in 8 (7.9%) — 
nonthrombelytic candidates. This includes emergency _ 
bypass surgery after failed angioplasty in 3 (1.1%) ~ 
thrombolytic and in 2 (2.0%) nonthrombolytic candi- — 
dates, and urgent bypass surgery for recurrent ischemia — 


in 3 (1.1%) thrombolytic candidates. In most cases, cor- 
onary artery bypass surgery was performed electively 
for left main or multivessel disease. Bleeding occurred 
more frequently in nonthrombolytic candidates. There 
were no patients who developed intracranial hemor- 
rhage. 

Variables related to hospital mortality (Table IHI): In 
the entire cchort of 383 patients, there were 5 positive 
independent predictors of mortality by multivariate 


analysis. These were unsuccessful angioplasty, cardio- — 
genic shock, age 275 years, reperfusion time >6 hours 


and multivessel coronary disease. All 4 criteria used to ` 


define a wine ok candidates had high rortality 
years and in in 63% 0 of survi- a € pos . : 





{n = 282) 
No. (%) 


57 +10 
215 (76) 
50 (18) 


Characteristic 


Age (yrs) 
Gender (male) 
. Prior myocardial infarction 
infarct-related coronary artery 
- Left anterior descending 
Right 
Left circumflex 
“Vein graft 
C. Multivessel CADT 
Patent infarct vessel on 


119 (42) 
129 (46) 
34 (12) 
0(0) 
141 (50) 
61 (22) 


f 383 Patients Treated with Direct Angioplasty 
Thrombolytic 
Candidates 


Nonthrombolytic 
Candidates 

(n= 101) 

No. (%) 


65 +13 
62 (61) 
35 (35) 


53 (53) 
27 (27) 
13 (13) 

8(8) 

63 (62) 

25 (25) 


initial angiograrn (TIMI flow ‘grade Zor 3) . o, 
Initial ejection fraction | 53.54126 48.44 15. 6 
a Reperfusion time (hrs} 3241.2 64 + 5.3 


Conipares iat left anterior descending artery: with all other vessels, ars 370% stenosis in 2 of 3 major epicardial vessels; * includes al patients with adequate initial TENET PN EPE Gi 


48 for thrombolytic candidates, n = 82 for ronthrombolytic candidates. 


oe ad coronary artery disease: NA = not ne we was used to define nonthrombolytic candidates); NS = not significarit: TIMI = Thrombolysis i in Myocardial infarction 


joci “tad a lower reperfusion rate and a higher mortal- 
y rate than thrombolytic candidates. There were no 
ients with reinfarction or recurrent ischemia, but 
coronary bypass surgery was required ‘more frequently 
than in thrombolytic candidates. Patients 275 years of 
age had a high reperfusion rate. However, mortality 
te, incidence of nonfatal reinfarction and incidence of 
bleeding were significantly higher than for thrombolytic 


didates. Patients with prior coronary artery bypass — 


irgery had a lower reperfusion rate anda higher 
ortality rate than thrombolytic candidates. Angio- 
plasty was successful in 5 of 8 patients whose infarct 
vessel was an occluded vein graft, but 2 developed rein- 
farction and 2 required repeat bypass surgery. Patients 
- with reperfusion times >6 hours had a high reperfusion 
_ rate, a low incidence of reinfarction and no recurrent 
ischemia. The hospital mortality rate was high com- 
pared with that of thrombolytic candidates, but these 
patients were selected partly because of hemodynamic 
promise. The mortality — rate in nonthrombolytic 
didates, excluding patients in cardiogenic shock, was 
79 (16%). 
sari catheterization laboratory. complications: 
i ratory death occurred in 7 (6. 9%) nonthrombolytic 
id in 3 (1.1%) thrombolytic candidates (p <0.004). 
tof the deaths in the nonthrombolytic group (6 of 
xecurred in patients in cardiogenic shock or 275 
s of age. Ventricular fi brillation occurred in 16 
8%) nonthrombolytic and in 24 (8.5%) thrombolytic 
lates (p = 0.06). Prolonged cardiopulmonary re- 
itation was required in 13 (12.9%) nonthrombolytic 
in 9 (3.2%) thrombolytic candidates (p <0.001). 
re was | procedure-related stroke believed to be due 
embolus. Most of the major complications (5 of 
o ratory deaths and 3 of 5 emergency bypass oper- 


ed hot in our epee ice Dia 100 Pas 


Longte patency. of the infarct-related artery wi a 
85%. Adequate paired. ventriculograms for measure 
ment of ejection fractions were achieved i in 53% of sur 
vivors. 

Nonthrombolytic candidates had lower initial ejec 
tion fractions and a greater improvement in ejection 
fraction than thrombolytic candidates. The final ejec-. 
tion fraction was well preserved in both groups. Patients 


with anterior infarctions had lower initial ejection frac- 
tions and greater improvement in ejection fraction than 


patients with inferior and posterior infarctions. | 

In patients with adequate paired ventriculograms, | 
the mean improvement in ejection fraction was 7.9 + 
8.1% in 7 patients in cardiogenic shock, 7.3 + 11.2% in 
6 patients 275 years of age and 14.2 + 9.4% in 20 
patients with eee times. >6 hours. 


DISCUSSION | 

This study evaluates the role of direct angioplasty i in 
the treatment of AMI. By separating our patients into 2. 
major subgroups, depending on whether they were con- 
sidered candidates or non-candidates for thrombolytic. 
therapy, we were able to obtain a | Study population of- 


TABLE fi Hospital Outcomes of 383 Patients Treated with 
Direct Angioplasty | 
- Thrombolytic 

Candidates 

(n= 282) 

No. (%) 


 258(91.5) 
11 (3.9) 
17 (6.0) 
5(1.8) 
18 (6.4) 
B 3a: 5 


Nonthrombolytic 
Candidates 

(n= 101) 

No. (%) 

89 (88.1) 

24 (23.7) 

6 (5.9) 

0 (0.0) 

8 (7.9) 

a A e 2 


Outcome 


Successful PTCA 
Hospital mortality 
Nontatal reinfarction 
Recurrent ischemia 








l Multivariate Analysis me 





Mortality Rate 






No. (%) Odds Ratio 


” Unsuccessful PTCA 14 (39) 3.38 2.00-5.72 
Cardiogenic shock 22 11 (50) 3.23 1.77-5.89 
-Age 275 years ` 30 9 (30) 3.10 1.73-5.54 
_ Reperfusion time >6 hours 48 8(17) 2.15 -126-368 
<Muhtivessel CAD 204 29 (14) 1.89 | = L12-3419 |: 
“Prior CABG 12 3(25) 1.40 > 0.58-3.40 ` 
Anterior wail infarction 172 21 (12) | 1.37 —  0,.88-2.16 
Female Late 106 13 (12) 125 0.78-2.00 fo 
P i aan. a. a . 074-196 | 





























thrombolytic therapy or a combination of f imravenous 
thrombolytic therapy and angioplasty. : [ee 


Hospital outcomes in thr . ‘totais: 
patency rate of 92% with direct pe ano is tigh 






; LE IV Outcomes After Direct Angioplasty in Subgroups 
; ‘Nonthrombolytic Candidates 









Reperfusion | 








Cardiogenic Age 275 Prior Time >6 a 
rane Sane CABG Hours than ponies rates with intravenous aber ee GI 
(n= 22) (n=30) (n=12) (n= 48) 






No. (%) 
46 (96) 


No. (%) No. (%)  No.(%) 
1568)! 2790 905) 

















11 {50} 9(30)98 325)" 8(17}* 










0(0) 6(20)' 1(8) 2(4) didates sof 39% A with 
ity rate in the TAMI trial and with the 4.7% mortali 
rate in the TIMI-II-B trial.4’ O'Keefe et allo also é- 
ported a very low hospital mortality rate in thrombolyt- oe 
ic candidates treated with direct angioplasty. — a 
The incidence of nonfatal reinfarction in our throm- EK 
bolytie candidates is similar to the 5.6% incidence in the 
TIMI-II-B study and suggests that direct angiopl: 
offers no advantage in the prevention i nonfatal ein 
; farction.’ 2 
‘thrombolytic candidates comparable to the 2 major The incidence of recurrent ‘ischemia: was ‘onl 
North American thrombolytic trials.4’ Our results sug- in our patients treated with direct angioplasty. This 
est that in patients who are candidates for thrombolyt- striking contrast to the high incidence of recurrent isch- 
c therapy, the outcomes after direct angioplasty com- emia in the TAMI study (18%) and in the. TIML-U-B 
are very favorably to the outcomes after intravenous study (25%).*” Part of these differences may be related 











00) | 0(0) 0(0) 0 (0) 

















T 304 20) 207 3 
Bleeding* 303) 5077 207) 2 (4) 


lg Requiring transfusion of z2 units of blood, excluding patients who had coronary 
bypass surgery; * p <0.05 (compares each suberoup of nonthrombelytic candidates 
with thrombolytic candidates). * p <0.01; $ p <0.001. 

_ CABG = coronary artery bypass grafting: PTCA = percutaneous transluminal coro- 
onary angioplasty. ` 
































ABLE v improvement i in Left Ventricular Ejection Fraction in Sur’ After: Direct Angioplasty 


Ejection Fraction 









initial (%) Final (%) 


Thrombolytic candidates (n = 149) 5334126 57.7 413.1 44t 104 
Nonthrombolytic candidates (n = 36) 47.8+13.1 58.34116- 10.5499- 
ae G 0.03 NS : Q 002 





Improvement %) eee 
















Thrombolytic candidates | ie A Ls $ 
Anterior wall infarction (n = 69) 47.14125 5484151 77Łic 109 









inferior and posterior infarction (n = 80) 58.7 + 10.0 6034104 9 . » 16#9.2 
p Value 0.001 0020 — < 0,0003 










_ Nonthrombolytic candidates a. 
-Anterior wall infarction (n = 22) 41.8477 569492 
Inferior and posterior infarction (n = ee K At 13, Io as 61.94121- 


15.1 +85 
45473 








í n and definitions. The TAMI dii in- 
uded nonfatal reinfarction in the recurrent ischemia 
roup. and the TIMI-II-B study provoked ischemia with 

~ stress testing before hospital discharge and at 6 weeks. 
Despite these differences, the incidence of recurrent 
`< ischemia with direct angioplasty i is very low compared 
_ with that of other strategies. 

~~ Our incidence of bleeding (4.6%) is similar to the 
idence of bleeding from intravenous thrombolytic 
rerapy alone (4.3%) and is substantially lower than the 
icidence of bleeding when intravenous thrombolytic 
erapy is combined with invasive procedures (21%).*’ 
> Major catastrophic complication of intrave- 
s thrombolytic therapy—intracerebral hemorrhage, 












ith intravenous tissue plasminogen activator4’— 
id not occur in our study and has not been reported 
“in other series of patients treated with direct angio- 
~~ plasty.8-!0 
We were able to document a 4.4% improvement in 
:- left ventricular ejection fraction at follow-up. angiogra- 
phy in thrombolytic candidates and a 7.7% improve- 
_ Ment in patients with anterior infarctions. This contrasts 
> with 1.2% improvement in ejection fraction in the 
= TAMI study.’ Other studies with direct angioplasty, in- 
-cluding 1 controlled study comparing direct angioplasty 
_ with intracoronary streptokinase, have shown substan- 
-tiat improvement in ejection fraction at follow-up angi- 
_ ography.®?! This suggests that direct angioplasty may 
->have an advantage over other reperfusion strategies in 
- the preservation of left ventricular function. 
-- — Hospital outcomes in nonthrombolytic candidates: 
The baseline characteristics and hospital outcomes of 
our nonthrombolytic candidates suggest that they are a 
high-risk subgroup compared to thrombolytic candi- 
~ dates. Nonthrombolytic candidates were older, included 
_ a greater number of women, had a greater incidence of 
- previous myocardial infarction and multivessel coronary 
„disease, and had a lower initial ejection fraction than 
rombolytic candidates. | 
Patients presenting in cardiogenic shock comprise 
e subgroup at highest risk. Hospital mortality rates 
with conventional therapy have been 73 to 83%.2223 
_ With thrombolytic therapy, reperfusion rates have been 
` low (43%) and mortality rates have remained relatively 
~ high (67 to 70%).2?4 Our reperfusion rate of 68% and 
our hospital mortality rate of 50% compare very favor- 
-ably with this. Other investigators have reported similar 
~ reperfusion and mortality rates with direct angioplasty 
--and have advocated this approach in the treatment of 
_ AMI complicated by cardiogenic shock.!°3 
- Patients 275 years of age also are a very high-risk 
- subgroup. In these patients, direct angioplasty resulted 
~ina high patency rate and good improvement in ejec- 
m fraction, but was associated with a high incidence 
f bleeding and reinfarction and a high mortality rate. 
Thrombolytic therapy has frequently been avoided in el- 
patients because of the increased risk of bleeding 





























| ‘Infarct Survival (ISIS) t 


ch occurs in approximately 0.5% of patients treated 


cations, but data from the Second International _ 
g hese e aiar gestion: ADR: after d irec t angiopla 






































patients may benefit: 3 tt is not ndr from our 
which is the best therapeutic approach i in these pa 
In our patients with prior coronary artery by: 
grafting, the reperfusion rate with direct angioplas 
was lower than it was for thrombolytic candidates | 
cause of a lower rate of reperfusion in occluded ve 
grafts. Occluded vein grafts also have an increase 
chance of reocclusion after successful angioplasty. D 
spite these limitations, others have suggested that an 
plasty may be preferential to intravenous thrombol 
therapy in this group of patients.*526 The number 
patients with prior bypass surgery in our series is sma. 
and we cannot draw any conclusions regarding the J 
tential benefit of direct angioplasty. - 
Patients with reperfusion times >6 hours treate 
with direct angioplasty had a high reperfusion rate 
substantial improvement in left ventricular ejectio 
fraction. The marked improvement in ejection fractio 
is unexpected with late reperfusion and may be relate 
to the selection criteria. These patients were selected 
part because of persistent chest pain and evidence: 
ongoing ischemia, which may be an indication of cor 
tinued myocardial viability. The relatively high mort 
ty rate in this group of patients also may be related 
the selection criteria. Patients were selected for in 
vention after 6 hours of chest pain partly because : 
evidence of hemodynamic compromise. If patients in 
cardiogenic shock and with pulmonary edema, and pa- 
tients 275 years are excluded, the hospital mortality 
rate is 2.5% in this group of patients. These data suggest. 
that in patients who present late after the onset of chest. 
pain, but who have evidence of ongoing ischemia, ad 
angioplasty may offer substantial benefit. 
Limitations of direct angioplasty: Direct angioplasty. 
has several limitations as a reperfusion strategy. Only 
about 12% of hospitals in the United States have angio- 
plasty facilities and not all of these are equipped to per- 
form emergency angioplasty.” There is time-delay in 
mobilizing the catheterization laboratory team and in 
establishing coronary reperfusion with direct angio- 
plasty, although in our institution this delay is small. 
Direct angioplasty is also associated with risks as dem- 
onstrated by our laboratory complications. Most of 
these complications occurred early in our series, sug- 
gesting that experience is important in minimizing com- 
plications with this approach. Fortunately, the risk of 
complications appears small, especially in thrombolytic 
candidates, and our overall results suggest that the 
benefits outweigh the risks. 
Study limitations: Our study is limited by the lack of 
a concurrent randomly selected control group of pa- 
tients treated by another reperfusion strategy. We can- 
not exclude the possibility that the outcomes observed in 
our patients were produced by selection bias. The obser- 
vations made by others—that direct angioplasty i iS asso-- 
ciated with favorable hospital outcomes in thrombolytic 
candidates—support the hypothesis that these result 
occurred because of therapeutic benefit.!® —— 
-Our data. regarding the improvement in left vent 











p al ography * was availabie in 81% of 
vere similar to the entire group, and suggest 
; improvement in ejection fraction is ise: 
the entire > population: 
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det rmine the factors that influence the pres- 









formed standardized contrast injection of the 
anti alateral coronary artery in 58 consecutive pa- 

jent 5 without previous myocardial infarction, un- 
K oplasty for 1-vessel disease (left anterior descend- 
-ing artery in 45, right coronary artery: in 10 and 
a) lett circumflex artery i in 3) | The presence of collat- 








=> lateral vessels of the yostoi diated, was. related to 
clinical, angiographic and electrocardiograph hic pa- 
rameters. The angiographic appearance of collater- 
- _ al vessels during balloon inflation showed a weak, 
_. although statistically significant, correlation to the 
percent diameter stenosis before angioplasty (r = 
0.28; p = 0.03) and the duration of angina (r = 
p 0.37; p = 0.004). By combining lesion severity with 
— the duration of angina, collateral vessels during 
-coronary occlusion were particularly related to a le- 























sion severity >70% and duration of angina >3 
ronths (p <0.001). Furthermore, the presence of 

ollateral vessels was associated with an absence 

f ST-segment shift (>21 mm) during 1 minute of 

| coronary occlusion (p <0.001). 

oe (Am J Cardiol 1991;67:13-17) 
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umerous studies have documented the protective 
į potential of collateral vessels in acute myocardi- 
N al infarction.’ Despite these important observa- 
tions, there is, however, limited information regarding 
factors influencing the collateral flow to myocardium at 
risk in acute coronary syndromes. Percutaneous translu- 
minal coronary angioplasty (PTCA) serves as a unique 
model to study the collateral circulation in a prospective 
way. Several studies have demonstrated marked differ- _ 
ences in collateral filling using contralateral coronary 
injection before and during coronary occlusion. These 
so called “recruitable” collateral vessels have shown 
functional significance and are to be taken into account. ~~ 
when the collateral circulation is the subject of study. 
To identify factors that may influence the development 
of spontaneously visible and recruitable collateral ves- 
sels, we used the PTCA setting to relate the presence of 
collateral vessels to clinical, angiographic and ee 

cardiographic parameters. l 


METHODS 
Patients: Fifty-eight consecutive patients (48 me 
and 10 women, mean age + standard deviation 57 + 
years [range 38 to 7 9]) with 1-vessel disease, referred | 
our institution for PTCA, were prospectively studied 
Inclusion criteria were (1) angina pectoris refractory 
medical therapy without a history of previous myocard 
al infarction; (2) right dominant coronary circulatioi 
and (3) left ventricular ejection fraction >50%. Exch 
sion criteria were (1) anemia, renal insufficiency, previ 
ous cardiac surgery or previous thrombolytic therap 
(2) electrocardiographic evidence of left ventricular hi 
pertrophy or conduction abnormalities; (3) peripheral 
artery disease limiting arterial access; (4) multilesion 1- 
vessel disease or total coronary occlusion. Informed con- 
sent was given according to the rules of the Institutional 
Ethics Committee who approved the study. 
Clinical parameters, electrocardiographic and labo- 
ratory findings were recorded on admission by the san 
observer (J.P.). The medical history was verified b 
second blinded observer. A third interview t a et 
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rial and Angiographic D Data of 58 Patients 







57 + 9 (range 38-79) 


ar 48/10 

rata cies alin {i n/N) 25/33 

mic hypertension (+ /0) 10/48 

ette smoking (+ /0) 36 /22 

tal cholesterol >250 mg/dl (+ /0) 16/42 

Diabetes melitus (+/0) 4/54 
Duration of angina (months) mean 3.3 (range 0.25-12) 





de (+/0) 
Nitrates (+ /0} 


48/10 
38/20 


Calcium antagonist (+ /0} 48/10 
Mean blood pressure (mm Hg) 90+ 12 
Coronary artery dilated (LAD /right/LC) 45/10/3 
cation of coronary narrowing 27/31 
<o (proximal /distal) 
‘Narrowing severity (%diameter |) mean 82 (range 58-99) 
Collateral grading 0.4407 


“Ti 2 a jeft anterior descending artery; LC = left circumflex artery, NS = not 
signif icant; NYHA = New York Heart Association; + = yes; 0 = no. 





rally the night before. Lorazepam (3 mg) was orally 
ministered before the procedure. During catheteriza- 
on all patients received heparin intravenously (i.v.) 
5,000 IU) as a bolus. Nifedipine (10 mg) orally and 
itroglycerin (0.1 mg i.v.) were given shortly before the 
-first balloon inflation. Continuous administration of ni- 
n troprusside (i.v.) was only performed in 8 of the 58 pa- 


- tients with unstable angina to maintain systolic blood 


_ pressure at <120 mm Hg. Cardiac catheterization was 


performed in all patients by percutaneous femoral ap- 
proach. An 8Fr sheath (USCI) was inserted in both the 


right and left femoral artery. An 8Fr guiding catheter 
_(Schneider-Shiley) was used for guidance of the balloon 
-catheter (Schneider-Shiley, ACS) and for angiography 
-of the contralateral artery. 
Study protocol: Angiography of the contralateral ar- 
‘tery was performed before angioplasty by automatic 
-contrast injection (Angiomat 3000, Liebel-Flarsheim 
-Co.; right coronary artery 4 to 6 ml, 7 ml/s; left coro- 
ary artery 6 to 8 ml, 9 ml/s). Cineangiography was 
ontinued until there was no further opacification of the 
‘injected vascular bed. At 30-second balloon inflation, 
another are oera of the contralateral artery was ob- 
- tained. To determine the reproducibility of the method, 
additional contralateral injections were performed if >1 
‘dilatation was necessary for successful angioplasty. An- 
` giography of the contralateral artery was repeated after 
“the PTCA procedure. A 12-lead electrocardiogram was 
-recorded throughout the entire procedure. The time of 
balloon inflation and deflation was marked. The electro- 
_¢ardiographic changes were considered significant if a 
hange in the ST segment of 21 mm, measured at 80 
ms after the J point, occurred in any lead. 
ce Quantitative coronary angiography: Severity of cor- 
mary narrowings was determined by measuring the 
percent reduction in luminal diameter with a digital 
ic cali wr (Sandhi S Sih model EC eni in i 









7 brisk filling of the: di istal part of she = stenoses artery, 




































and- 
99% if there was a slow filling of the distal part. A le- 
sion was considered proximal when it was located in the — 
right coronary artery before the acute marginal branch, . 


in the left circumflex artery before the first marginal — i 
branch, and in the left anterior descending artery before 
the first septal perforator. The collateral vessels were 


graded as: 0 = no filling of collateral vessels; 1 = filling 


of collateral vessels to the vessel dilated without any epi- _ : 


cardial filling; 2 = partial epicardial filling by collateral 
vessels of the vessel dilated; and 3 = complete filling by 
collateral vessels of the vessel dilated. The grading of- 
the collateral vessels was performed independently by 2 


angiographers and a consensus was reached in case of | 


disagreement. Collateral vessels were considered absent _ 
during coronary occlusion when they were graded 0 or 1 
and present when they were graded 2 or 3. Collateral 
vessels graded 0 and | as well as 2 and 3 were combined 
for the analysis. 


Statistics: The relation between the continuous vari- i 


able age and mean blood pressure (expressed as mean + 
standard deviation) and the presence of collateral vess 
sels during coronary occlusion was evaluated with the 
unpaired Student’s t test. The relation between the con- 


tinuous. variable duration of angina and coronary lesion 
severity and the grading of collateral vessels during. cor- rg 
onary occlusion was evaluated with the Spearman rank 
correlation coefficient. The chi-square test was used for © 
comparing dichotomous variables, coronary lesion se- 
verity combined with duration of angina, and signs of — 





ischemia during 1 minute of occlusion. A p value <0.05 
was considered statistically significant. 


RESULTS ae 
The clinical and angiographic data of the 58 patients 

are listed in Table I. The PTCA procedure was success- 

fully completed i in the 58 patients and adequate coro- 

nary angiograms could be obtained in all patients. The — 


angiographic appearance of the collateral vessels dur- 


ing balloon inflation was highly reproducible in all 
patients who had >1 dilatation performed (56 of the 58 
patients). The interobserver variability of the caliper 
method was 4 + 6% (mean difference + standard devi- 
ation; r = 0.69). At a cutoff point of severity of the ` 
coronary lesion 270%, the x value (proportion of poten- 
tial agreement beyond chance between 2 observers) was | 
0.75.4 

Angiography of collateral vessels before, during 
and after balloon inflation: Before the first balloon in- 
flation, collateral vessels were grade 0, 42 patients; 
grade 1, 11; grade 2, 3; and grade 3, 2. During balloon 
inflation collateral vessels remained absent (grade 0 or 
1) in 35 patients and were present (grade 2 or 3) in 23 - 
patients of whom 5 patients had collateral vessels before 
occlusion. Thus, 18 patients had recruitable collateral 
vessels. None of the 8 patients with unstable angina had — 
collateral vessels during coronary occlusion. Collateral 


vessels were fully a absent (grade 0) after r sucosatul com- ` 


vee edum bu i complet a an nd ‘ten 













37, p = 0.004). Twenty-seven of the 31 patients 

) with <3 months of angina had absence of collat- 

I vessels during coronary occlusion compared with 8 
the 27 patients (29%) with 23 months of angina. 

| here. was a weak correlation with the severity of the 
coronary lesion before angioplasty (Figure 2, r = 0.28, p 
0. 03). Patients with 270% stenosis but a duration of 


ngina <3 months had markedly less collateral vessel — 


development than patients with 270% stenosis and du- 
ation. of angina >3 months (Figure 3, p <0. 001). Col- 
ral vessels during coronary occlusion were not re- 
to other clinical or angiographic variables. Elec- 
ocardiographic signs of ischemia during coronary oc- 


ion n were reduced in the prenese of collateral vessels ae 


tion.’ a fees here’ is limited information a eiid 
e — enone growth 0 of collateral. vessels in 


unt in pr were dd, ina recent prospective aa by 
ohen et al.? The clinical and angare characteris- 


Stenosis (%) | 


| TABLEN Collateral Vessel (CV) During Coro 
in Relation to Clinical, Angiographic and Electrocardiograr 
Parameters | l 


Age (yéars) . 
Gender (male/ female) 
Functional class (NYHA W/V) - 


|. Systemic hypertension (+. /0) 


Cigarette smoking (+/0) 
_ Total cholesterol >250 mg/dl 
(+/0 - 


| Diabetes mellitus a / 0) 


| Medication — 
8 blocker (+/0)... 
Nitrates (+/0) 
- Calcium antagonist (+ {Q) 
‘Mean blood pressure (mm Hg) 
| Coronary artery dilated (LAD / right) 
-Location of coronary peers . 
ie (proximal / distal) 
full segment (<1 mm/ 21 mm) 


Abbreviations as in Table i. 


tics of 67 patients with ‘vowel disease and normal left 
ventricular function were related to the angiographic 
appearance of collateral vessels. during balloon inflation. 
The grading of collateral vessels was highly correlated 
to the severity of the coronary stenosis. Despite earlier 
observations in a smaller patient population, '° the pres 


ence of collateral vessels during coronary occlusion did | 


not correlate with the duration of angina. 

The results of our study show some differences with 
Cohen’s study that may be related to differences in 
composition of the patient population. Although the in- 
clusion criteria in both studies were comparable, the pa~ 
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here were more patients with unstable angina 
1e Coronary narrowings were more severe. In addi- 
here were more patients with proximal lesions and 
third of the patients had disease of the right coro- 
artery, which was associated in their study with a 
ore extensively developed collateral network. Further- 
ore, there are also methodologic differences. In our 
udy we used a digital electronic caliper for measure- 
ent of the percent diameter stenosis. The accuracy of 
method is comparable to computer-assisted systems 
-superior to the visual estimation of coronary lesion 
verity.!! The observed stronger correlation between 
sronary lesion severity and collateral vessels in Cohen’s 
udy can partly be explained by the overestimation of 
sual measurements with increasing coronary narrow- 
g.'? In our study, contrast injection of the contralater- 
-vascular bed was performed in a standardized way. 
hese injections were highly reproducible because we 
uld not demonstrate differences in collateral filling in 
patient (56 of the 58 patients) in whom >1 balloon 
flation was performed. Contrast injection by hand, 
ed in Cohen’s study, introduces variations in volume 
nd rapidity of injection which can be critical in the 
visualization of collateral vascular bed during coronary 
occlusion. In the present study, epicardial opacification 
by collateral vessels during 1 minute of coronary occlu- 
sion was associated with an absence of electrocardio- 
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udy had a longer period of symptomatic _ 






graphic signs of ischemi 


collateral vessels con 


collateral vascular bed with the injection technique used 
reflects its function during brief coronary occlusion. = 
Our study included 8 patients with unstable angina = 
who were treated with nitroprusside (i.v.). Administra- 
tion of nitroglycerin (i.v.) may reduce the resistance of 
the collateral vascular bed.!? Collateral vessels, how- 
ever, were absent during coronary occlusion in all of 
these patients and therefore it seems unlikely that this 
has influenced the study results. i 
The main observation in our study is that the pres- 
ence cf collateral vessels during abrupt coronary occlu- 
sion is particularly related to the combination of a coro- 
nary lesion severity 270% and a duration of 23 months 
of angina (Figure 3). The presence of collateral vessels 
in more severe coronary lesions is in keeping with exper- __ 
imental and clinical studies demonstrating a threshold 
of coronary narrowing beyond which there is an in- `, 
crease in collateral flow or angiographic appearance of _ 
collateral vessels.!4-!7 | Le et 
The time span necessary for the development of col- 
lateral vessels in humans is unknown. In a recent pro- | 
spective study, Rentrop et al'® showed that there isa 
marked increase in angiographic appearance of collater- `- 
al vessels 10 to 14 days after persistent coronary occlu- 
sion in postthrombolytic patients. The present study, — 
which confirms earlier reports, demonstrates the differ- 
ence in visualization of collateral filling when a maxi- 
mal or submaximal pressure gradient exists over the 
collateral vascular bed. Rentrop’s angiographic findings 
are in accordance with experimental data demonstrat- _ 
ing a restoration of flow to normal values by collat- = 
eral vessels within 2 weeks after total coronary occlu- 
sion.'?° Furthermore, experimental work has demon- _ 
strated that the development of the collateral circulation. - 
is accelerated when a coronary artery becomes progres- _ 
sively narrowed.!5 By combining clinical and experi- — . 
mental data, the minimal time period for collateral - 
development in subtotal occlusions may likely be — 
>2 weeks and even longer in less severe coronary ob- 
structions. oe e 
Our study, as well as Cohen’s study, comprised pa- = 
tients with collateral vessels and a short duration of an- _— 
gina (<3 months). One explanation may be that these 
patients have had coronary narrowings severe enough to 
stimulate collateral vessel growth in combination with a 
preceding period of silent ischemia, which is known to 
occur frequently in coronary artery disease.*! The data 
on almest all patients, however, indicate that a period of 
3 months of symptomatic disease is required before col- 
lateral vessels become angiographically apparent in the | 
presence of obstructive (270% stenosis) coronary artery 
disease. 
Study limitations: The results of the study are only 














nce of the collateral vessels was judged by elec- a 
122. 


d ographic monitoring and was not expanded to 

om lynamic monitoring or assessment of global or re- 

ional ejection fraction. This study provides only infor- 

mation on the function of collateral vessels during brief 
‘coronary occlusion. 

Clinical implications: This study indicates that a pa- 

tient with 1-vessel disease and 270%-diameter narrow- 


g but with a short duration of angina (<3 months) i is 


unlikely to have developed collateral vessels and is at 
high risk when a sudden occlusion of the diseased vessel 
occurs. Consequently, this obse rvation has implications 


or patient management since priority is usually based 


Patients’ complaints irrespective of the duration. 
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nce 1988, 641 black and 11,892 white patients 
se chest pain of presumed cardiac origin have 
er tted to coronary care units in 19 hospi- 
men (58 vs 66, p <0.0001), more often 
mitted to central city hospitals (p <0.0001), and 
veloped ce of acute myocardial infarction 
MD) ies often (19 vs 23%, p = 0.01). In the sub- 
l tof 2,870 AMI patients, blacks (n = 121) were 
un er (59 vs 67, p <0.0001) and had less prior 
ary artery bypass graft surgery (2 vs 10%, p 
0.005) and more prior hypertension (67 vs 46%, 
P puring haga pila whites Hia = 








were used ay in the 2 groups. Hospital mortal- 
ity was 7.4% for black and 13.1% for white pa- 
tients (p = 0.07). However, after adjustment for 
key demographic and clinical variables by logistic 
egression, this difference was not as apparent 
p= 0.38). 
Questions about the premature onset of coro- 
nary artery disease, excess systemic hypertension, 
and the differential use of interventions in black 
erson have been raised by other investigators. 
Despite ‘ences in age, referral patterns and the 
use of coronary angioplasty and bypass surgery, 
black and white patients with AMI in metropolitan 
Seattle had similar outcomes. 
(Am J Cardiol 1991;67:18-23) 
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"he natural history of coronary artery diseaseandin _ 
particular acute myocardial infarction (AMI) in- 


black populations has drawn increasing atten- __ 
tion. Several questions have been raised in an attempt to + 


better understand the clinical course of AMI in black 


patients. First, are black men and women less likely > 
than whites to consult a physician for chest pain and 
other manifestations of coronary artery disease?! Sec- > 
ond, is the time from symptom onset to hospital arrival ba 
longer for black patients?? Third, does the use of thera- = 
py for AMI differ according to race??* Finally, does 
mortality from AMI and coronary artery disease auier r 


according to race?’-9 
The objective of this prospective study was to exam- 

ine the clinical course of black patients with chest pain 

admitted to coronary care units (CCUs) in metropolitan 


Seattle, Washington. Specific attention will be given to 
the subset of patients discharged with the diagnosis of 
AMI. Black and white populations will be compared ac-  __ 


cording to baseline and clinical features, AMI treat- sia 
ment and outcome. 


METHODS . 
Patient population: From January 1988 to January 


1990, 14,283 persons with chest pain were admitted to -— 


CCUs in 19 hospitals in King County, which includes 


the city of Seattle and suburban area with a population . 
of 1.3 million in 1980.!° Patient hospital records were 
abstracted, and key information was recorded on study __ 
data ferms and entered in the Myocardial Infarction | 


Triage and Intervention (MITI) registry.!! The MITI 
registry is a randomized trial of prehospital treatment 
by paramedics of patients with AMI amidst a registry 
of all patients with AMI. The registry contains all pa- 
tients who were admitted to CCUs as indicated by 
CCU logs in 19 hospitals in metropolitan Seattle. - 


The breakdown of the MITI population by race and |. 


AMI status is displayed i in Figure 1. The current analy- 
sis includes 12,534 patients (87.7%) admitted to CCUs 
in the metropolitan Seattle area. Patients whose race 
was unknown (8.6%) or was other than black or white 
(4.4%) and 11,893 
Jered in this analysis. aa 












POF TABLE l Characteristics of Patients Admitted to Corona 


Ne44, 283 


PATIENTS WITH MISSING OR OTHER RACE 
N=1749 


= fe HEST PAIN PATIENTS: S INCLUDED TN ANALYSTS 












3 were of particular interest; 19% of black and 23% of 
death. 


nd diagnostic variables were collected; these included 
‘permanent residence, date and hospital of admission, 





_ initial and discharge diagnoses. Race was coded as 


_ “white, black, Asian/Pacific islander, native American/ | 


Alaskan native, Hispanic or unknown. Vital status at 
ni hospital discharge and cause of death were indicated. 

_ For those patients with AMI as the discharge diag- 
aS nosis, additional data were collected. The presence of a 
` -series of patient history variables was coded as no/not 
ete mentioned, yes, or questionable, and included. history of 
- angina, AMI, congestive heart failure or pulmonary 
ema, hypertension, hyperlipidemia, coronary artery 
urgery, coronary angioplasty and thrombolytic thera- 













reatments and procedures administered, and hospital 





status variables included the presence of chest pain, car- 
iogenic ‘shock and cardiac arrest. The delay between 
he onset of symptoms and paramedic fe emergency de- 





rization, coronary angioplasty and coronary artery 
urs gery, ` was noted. Finally, critical events that occurred 
luring the course of AMI were reported; these included 
mbolic or hemorrhagic stroke, prolonged angina, AMI 
xtension, cardiac arrest and congestive heart failure. 
Statistical methods: The chi-square statistic was 
sed to test for differences between race and categoric 
ariables, and the 1 test was used for continuous vari- 

































































“white patients had confirmation of AMI at discharge or 


‘Study variables: For all patients, wk demographic 


ge, gender, race, mode of transport to the hospital, and 


| Age (years) 66+ 14 58414 
Age 265 years 56% 36% 
| Women — 42% 44% 
Transporting agency = 
Paramedics 43% - 40% 
Ambulance 18% = 20% 
Self. (38% 40% 
Other | 1% , 1% E 
(10, 667) (590) 
| King County - 89%: — 95% <0.000 
Resident m : 
| Admitted to 32% 71% <0.0001 
| Central City T e 
Hospital 
Admission diagnosis l 0.07 
Rule-out myocardial. 74% O 74% 
infarction 
Unstable angina 9% — 7% 
Acute myocardial -5% 4% 
infarction | 
Other 12%. 15% os 
Primary discharge diagnosis - <0.0001 
| Acute myocardial 23% 19% 
infarction p 
Unstable angina 22% 18% 
Congestive heart 7% 10% 
failure | - 
Dysrhythmia 8% 7% 
Cardiac arrest -1% 1% 
Hypertension 1% 9% 
Diabetes mellitus <1% o I% 
_ Noncardiac chest pain 5% = 2% 
Nonspecific chest pain 12% 15% 
Other diagnoses, 19% 18% 


: RESULTS 


admitted to the CCUs i in are Seattle metropolitan area 


-Variables concerning clinical status on admission, 


-events were coded as no/not mentioned or yes. Clinical _ 
_ groups. However, a sig 
-persons were Seattle area residents. (p <0.0001); white 


artment arrival was reported. in minutes. Treatment 


or AMI, including thrombolytic therapy, cardiac cath- black population admitted to 6 hospitals located in cen- 


= 0.55 





Care Units in Metropolitan Seattle 
Black 











Hospital death 





Chest pain poj 





` Characteristics of patients 


are listed according to race in Table I. Black persons 
were considerably younger (p. <0. 0001), whereas the 
proportion of women in the 2 groups: was similar. In 
addition, the mode of transportation (paramedic versus 
other means) to the hospital was not different in the 2 
ificantly higher percent of black 








persons were more often residents of the 2 adjacent 
counties (9 vs 4%). Moreover, the proportion of the 










tral Seattle was twice that of the white population. Evi- 
dence from Table I also indicates that blacks and whites 
differed with respect to discharge diagnosis. Hyperten- 
sion was more often the primary discharge diagnosis 
among black patients as was congestive heart failure: 
a lesser extent. 

Overall mortality in this diverse group of patien 
was 5.8%; 5.3% for. black and S. I% for white patient 

He ospit al mo tality: fo | 

































































Black 


(n=121) pValue 










67 +13 59413 <0.0001 
35% 44% 0.35 
33% 69% <0.0001 





aie shock 4% 3% 
Cardiac arrest 6% 7% 0.83 
ean time from symptom enset 
‘to. hospital or emergency 
vehicle arrival (min) 
Mean 3874929 37824 869 0.91 


106 100 





lardization. Similarly, hospital mortality for black 
vn women was 6. 2 and 6. 2 ae 0. ee respec- 


were ‘more stir namitied to central city. Poa 
p <0.0001). In addition, many more white patients had 
indergone coronary artery surgery. Black and white pa- 


of Patients with Acute Myocardial 








on admission o or time from symptom ns 
arrival. ie 
Diagnostic and therapeutic procedurés during hospi 
talization for AMI are listed in Figure 2. The use of- 
thrombolytic therapy and cardiac catheterization did 
not differ in the 2 groups. However, there were major 
racial differences in the use of angioplasty and coronary 
artery surgery. The number of black patients who un- 
derwent these procedures was small; 12 or 10% had an- 
gioplasty and 5 or 4% received coronary artery surgery. 
In comparison, 18 and 10% of white patients had angio- 
plasty and bypass surgery, respectively; both of these 
rates were statistically different from those of their 
black counterparts. In central city hospitals, 10% of 
black and 15% of white patients underwent angioplasty 
(p = 0.20), whereas in noncentral hospitals, 11 and 20% = 
received the procedure (p = 0.20). Furthermore, incen- 
tral hospitals, 6% of black and 12% of white patients `- 
underwent coronary bypass surgery (p = 0.10), whereas `; 
0 and 9% of black and white patients, respectively, re- 
ceived this procedure in noncentral hospitals (p= 0.07). 
Figure 3 indicates the occurrence of various events- 
during hospitalization for AMI. There ` were no differ. 
ences with respect to prolonged angina, new congestive 
heart failure or pulmonary edema, AMI extension 
cardiac arrest. Furthermore, hemorrhagic : stroke : as doc: 
umented by computed tomographic scan was nonex 
tent in black patients and occurred in 0.6% of white 
patients (p = 0.50). The incidence of all strokes was. 
0.8% in the black and 2.2% in the white population on 
(p = 0.32). i. 
Hospital mortality was 7.4% for black and 13.1% for 
white patients (p = 0.07); it was 5.4% for black and. 
11.1% for white men (p = 0.124), and 10.6 and 16.8%. 
(p = 0.27) for black and white women, respectively. . 
Multivariate logistic regression analysis, using. most of =~ 
the variables in Table II, was used to examine if tace i 
was predictive of hospital mortality for acute AMI. Af- 
ter adjustment for key predictors of hospital mortal- 
ity, race was not associated with hospital mortality 
























r te differences in age, hypertension, referral 
_ patterns, and the use of certain therapeutic procedures, 

© black and white patients with documented AMI in met- 
: Saree Seattle had similar hospital mortality rates. 
- -Blacks with AMI were, on average, 8 years younger and 
- -had considerably more systemic hypertension than their 
= white counterparts. The premature onset of coronary 
-artery disease with excess hypertension has been noted 
<in other black populations.’ The differences in referral 
patterns are most likely a reflection of the residential 
-distribution of blacks in metropolitan Seattle where 
they are the majority of residents in the areas served by 
ese central city hospitals. Blacks were 4.4% of the 
MITI registry, and they comprised 3.5% of the metro- 
olitan Seattle population aged >30 years in 1980.'° 
~~ Jt has been reported that blacks with chest pain are 
o less likely to seek medical attention,’ and that they pre- 
` “sent more often without chest pain.!? In the MITI regis- 
, Survey data were not available to determine wheth- 
black patients with chest pain were less likely to con- 
sult physicians than white patients. Furthermore in 
~ Seattle, approximately equal proportions of black and 
<- white patients with AMI presented with chest pain. 
_ Although the use of thrombolytic therapy and cardi- 
ae catheterization was similar in the 2 groups, statisti- 
-cally significant differences in the use of coronary angi- 
--oplasty and bypass surgery were evident in the MITI 
registry. Other investigators have reported that blacks 
“were less likely to undergo cardiac catheterization and 
- -coronary artery surgery, even after controlling for sever- 
© ity of disease.>°!3'4 Because angiographic data were 
- not available in the MITI registry, it was not possible to 
- adjust for extent of disease. However, there is evidence 
- -that in black men and women with significant coronary 
artery disease, disease is severe. 4 Despite lower rates of 
< bypass surgery, black patients have benefited from the 

P tl 

_In Seattle, where rates of coronary angioplasty and 
nypass. surgery during initial hospitalization were 2.3 
ir nd 1.8 times higher in the white population, informa- 
= ion was not available to explain these higher rates. Fac- 





































































tors euch as socioeconomic. c-status, h h insur 
erage, patient preference and extent of disei 1a 
count for the racial difference. Furthermore, hosp 
characteristics may be relevant, although racial diffe 
ences in the use of angioplasty and bypass surgery 
similar in central and noncentral hospitals. Small m 
bers of black patients treated at each hospital preclude 
analysis by individual institution. However, results 
the current study and others, to a greater exten 
suggest a strong and consistent racial bias in the use 
coronary artery surgery and other procedures in th 
treatment of coronary artery disease. 

In metropolitan Seattle, unadjusted hospital noda 
ty of 7.4% was lower in black patients with AMI (p : 
0.07), but race was not predictive of hospital mortality: 
after adjustment for key demographic and clinical vari- 
ables. Investigators from Chicago’s Cook County Hos- 
pital, which serves a predominantly black population 
reported a 19% 2-week mortality for 111 black patien 
with AMI and a median time from symptom onse 
hospital arrival of 6 hours, >3.5 times that for blacks i 
Seattle? For blacks in the MITI registry with dela 
times >6 hours, hospital mortality was 13.6%, and a 
though higher, was not statistically different from the 
7.5% mortality associated with delay times of <6 hours 
(p = 0.38). Delay time was not included in the mult 
variate analysis, since it was unknown for 17% of bot 
blacks and whites. N 

Another possible reason for lower black mortality i 
Seattle was that blacks with AMI had higher out-of- 
hospital death rates than whites!®:!? (i.e., only relatively 
healthy black survivors reached the hospital). Out-of- 
hospital deaths due to AMI were not recorded in the 
MITI registry, although the proportions of blacks and 
whites transported to the hospital with sudden death 
were not different. | | 

The MITI registry has provided complete ascertain-. 
ment of CCU admissions for chest pain and AMI in a 
defined geographic area over a 2-year period. The care- 
ful evaluation of hospital records by experienced ab- 
stracters of medical records is a further advantage of 
the registry. There are, however, limitations associated 








t, the number of blacks in the 



























iall; consequently, rates of death, angio- 
I | bypass surgery are subject to considerable 
bility with the addition or deletion of just a few 
ats. Second, these events were recorded only for the 
tial hospitalization for chest pain or AMI. Racial dif- 
nces in the use of these 2 procedures and death 
es, to a lesser extert, may be a function of the timing 

f these events. If these events were delayed until after 
ospital discharge in black patients but not in whites, 
en the relation between race and these events might 
be altered. Third, electrocardiographic information in- 
uding infarct type (Q wave versus non-Q wave) and 
ocation was not available in this study, and could con- 
und or effect the relation between race and mortality.’ 
rth, risk factor information, including family history 
‘onary disease and prior cigarette smoking, was not 














Finally, to what degree are these findings for blacks 
metropolitan Seattle relevant to other black popula- 
s in the United States? Blacks comprised <10% of 
sidents of the city of Seattle and <5% of the metro- 
solitan area!°; most American cities have a much high- 
proportion of black residents. Moreover, the low mor- 
lity for AMI in metropolitan Seattle blacks may be a 
flection of a highly responsive emergency medical sys- 
m not present in all large cities. On the other hand, 
findings of premature coronary artery disease, excess 
hypertension, and the differential use of interventions 
have been reported.°* These problems, which pervade 
black communities, require further attention and action 
on the part of government agencies and professional or- 
: ganizations. 
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\oronary artery surgery, particularly bypass graft- ag 
ing, is an effective treatment for symptomatic 


determine the clinical outcome and the long- 
re of a second coronary artery bypass and severe coronary artery disease. Large ran- 
e ‘ation, we studied preoperative clinical status domized trials, the Coronary Artery Surgery Study’ F 
d catheterization data in 200 consecutive pa- and the European Coronary Surgery Study? have 
tients over a 9-year period (1979 to 1987) — shown excellent results after surgery, a consistent relief 
follow up time 34 months, maximum 120). The of complaints and an improved survival in some subsets 
id clud ded 1169 men and. 31 women of patients with advanced disease. However, the pro- 
gression of coronary artery disease will not be influ- 
enced by surgery and the incidence of angina pectoris 5 
years alter surgery is reported in up to 35% of patients? 
If angina pectoris is not relieved by medical treatment, 
the patient is considered as a candidate for percutane- 
ous transluminal coronary angioplasty or a second coro- = 
nary artery bypass operation. In a large series reported 
from the Cleveland Clinics, the incidence of reopera- _ 
tions after the first procedure was 2.7% after 5 years, 
11% after 10 years and 17.3% after 12 years,4° up to 
, | r 38% at 15 years.° If angioplasty is included, the reinter- 
(risk ratio o 3.8) and in patients with poor left vention rate would be even higher.’ In the Netherlands, 
icular function (risk ratio 3.1). The cumulative  reoperations accounted for 6.7% of the total number of 
ear survival rate was estimated at 84%, with a coronary bypass operations in the year 1988.8 A reoper- 
or patients with poor left ventricular ation necessitates specific modifications in technique - — 
ce e not significant). The probability and is regarded as more difficult and having an in- 
creased risk. We studied the clinical outcome and long- = 
term follow-up in a group of 200 patients who under- 
went a reoperation between 1979 and 1987. T 


















METHODS 
Patient population: During the period from Novem- 
ber 1979 to April 1987, 200 consecutive patients who 
underwent reoperation were included in our study = 
group. Patients who had a combined procedure, egy 
valve replacement or aneurysmectomy and patients who ka 
dition in the first 5 years. underwent a third operation were excluded. 
Am J Cardiol 1991;67:24--30) CLINICAL AND CATHETERIZATION DATA: All clinical 
documentation, correspondence and catheterization in- 
formation were reviewed by protocol and processed in a 
structured database. Clinical data included clinical his- 
tory, severity of angina pectoris, surgical information of 
both operations and follow-up. Angina pectoris was 
classified according to criteria of the New York Heart 
Association. Death within 30 days after reoperation was 
ne considered as operative mortality and after 30 days as 
‘rom the Departments of Cardiology and Cardiopulmonary Surgery, late mortality. Complications within 30 days were re- | 
demic Medical Center, University of Amsterdam, Amsterdam, The corded in patients who died within that period, with the — 
ied and a paar a jst 20, 199 oie 9, 1990; revised MARID exclusion of those complications. Morbidity after hospi- 
tal discharge s was „register ed only- when it resulted ina 
| admission, 1 myocar al infarction, ae 
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ry a -arteriograms before the first (89%) and before the 
econd (96.5%) operation, together with the hemody- 
: namic measurements and the left ventriculograms, were 
reviewed. The angiographic indication for reoperation 
ay could be determined in 93%. If original recordings were 
_ missing, final classification was determined with infor- 
~ mation from clinical documentation. Luminal narrow- 
ing >50% (biplane) was classified as a significant steno- 
< sis and >90% stenosis as a subtotal occlusion. Grading 
of coronary artery disease was based on the sum of sig- 
"nificant stenoses in proximal major coronary arteries; a 
-significant stenosis in the main stem of the left coronary 
tery was regarded as equivalent to 2-vessel disease, 















dent determinant. Progression of coronary artery dis- 
ease was defined as a new significant stenosis or the 
2 transition of a preexistent significant stenosis to a subto- 
_ tal or total occlusion. A significant stenosis, a subtotal 
or total occlusion in a bypass graft was registered as 
-graft failure. 
| Left ventricular function was siesta using left 
-= ventricular end-diastolic pressure combined with analy- 
~ sis of left ventricular regional wall motion at ventric- 
- ulography (biplane 7 segments, single plane only 5 seg- 
ments). Left ventricular function was classified as 
< impaired if 1 to 2 segments showed hypokinesia or aki- 
nesia, or if the end-diastolic pressure was >20 
- mm Hg. Left ventricular function was considered poor 
-where 1 or 2 segments were abnormal and left ventricu- 
-Jar end-diastolic pressure was >20 mm Hg, or if >2 
_ Segments showed abnormal wall motion. 
< .» SURGICAL TECHNIQUE: Reoperation was performed 
- through a median sternotomy with an oscillating saw 
- and deflated lungs. Adhesions of the retrosternal space 
- and the mediastinum were dissected sharply or with the 
< eoagulator. The ascending aorta and the right atrium 
- were cannulated with standard techniques. The coro- 
~ nary arteries were identified before cross-clamping of 
_ the aorta, and this identification was often difficult be- 
cause of very small vessels or extensive coverage with 
= adhesions. The major saphenous vein was used for 
oe grafting with, as an alternative, the saphenous parva 
vein, usually from the left leg. More recently, we 
started using the left internal mammary artery. After 
cross-clamping the aorta, myocardial preservation was 
-achieved by anterograde perfusion of the St. Thomas 










. Hospital solution in the coronary arteries, combined 
¿with topical cooling. After the distal anastomoses were. 





placed, the proximal anastomoses were constructed of- 
7 ten using the previous vein grafts on the aorta. 
=ou FOLLOW-UP DATA: Data on clinical course after re- 
à “operation and clinical status at the end of follow-up 
~ were collected from the outpatient clinical records of 
-the attending cardiologists. If this approach was not 
~~ possible, a questionnaire was answered by the attending 
_ Cardiologist. An identical questionnaire was presented 
_ to all general practitioners. We received information 
4% of the general practitioners and from 98% of 





d of follow-up was based on the lea 
te mortality was confirmed: by ie 








was also entered in the final analysis as an indepen- 


- analysis as indicator variables for which the value of 0 


i association of the interval between operations and. 
rdiologists. A definite judgment of clinical status 5 


of- oul t study group indicating th that the — — 









































fice. The end of the hie orig was stain 
1988. Follow-up data were available for 99% of the pa 
tients; 10% of the patients died during the study perio 
and 1% of patients was lost to follow-up. The total fol- 
low-up time was 635 patient-years; the mean follow-up 
time of patients was 34.4 months (maximum 120}. `- 

STATISTICAL ANALYSIS: Differences between propor 
tional variables were tested with a chi-square test and, 
in the case of a small number set, the Fischer exact 
test was used. Differences between continuous variables 
were tested with Student’s ¢ test. A logistic regression. 
procedure was applied for multivariate analysis of the. 
surgical mortality. The Cox proportional-hazards model. 
was used for multivariate analysis of survival and the 
event-free period. The covariates (potential risk factors | 
or determinants) were dichotomized and entered in the 





or | was assigned: gender (men = 0, woman = 1); age. 
(<70 years = 0, >70 years = 1); interval between the- 
first and second operation (<12 months = 0, >12 
months = 1), angina pectoris (class H and HI = 0, class. 
IV = 1); coronary artery disease (1- and 2-vessel dis- 
ease = 0, 3-vessel disease = 1); left main disease (steno- 
ses <50% = 0, >50% = 1); and number of distal anas- 
tomoses placed at second operation (<3 = 0, >3 = 1). 
Left ventricular function was entered in the model as- 
normal, impaired and poor. Cumulative survival and 
event-free periods were estimated by the Kaplan-Meier. 
method. A significance level of p = 0.05 was used ina 
tests. The multivariate analysis was performed with th 
B.M.D.P. package. | 


RESULTS 

Two hundred patients underwent reoperation; 87 
were men. The ages ranged from 36 to 78 years (mean 

+ standard deviation 58.4 + 8.2) including 14 patients: 
es years. Women were, on average, 5 years older than 
men. At the first operation, of which 68% were per- 
formed in our center, a mean of 2.7 distal anastomoses 
were placed. The mean interval between the first and 
the second operation was 58 months (standard deviation 
40, range 2 to 169). At some time before reoperation, 
68% of the patients had had a myocardial infarction. 

Clinical indication for reoperation was severe angina 
pectoris class III (34%) or IV (64%) despite drug treat- 
ment. Coronary arteriography showed 1-vessel disease 
in 5%, 2-vessel disease in 24.5% and 3-vessel disease in 
70.5% of patients. Left main coronary artery disease 
was present in 14.5% of patients. Left ventricular func- 
tion was normal in 48%, impaired in 30.5% and poor in 
21.5% of patients. In 28.5% of the patients, graft failure 
was the cause of return of angina pectoris, in 20% pro- 
gression of coronary artery disease and in 42% a combi- 
nation of these causes existed. f 

Incomplete revascularization at the first operation: 
was presumed in 14.5% of the patients and was the onl 
indication for reoperation in 2.5%. Figure 1 shows th 





angiographic indication. In Table I the comparisor 
; je first 4 and the last 40 patients 






















_ pValue 
55.3 
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stal ahastorioses (first operation) 2.2 


aft failure (%) 42,5 30 
ogression of CAD.(%) 53 61 >0.1 
essel disease (%) 63 78 >0.1 
Impaired and poor LV function (%) 48 69  ~=>01 
Distal anastomoses (second operation) 27 3.6 <0.01 


CAD = = coronary artery disease; LV = left ventricular. 


tics have changed during the study period: More elder- 
; patients, with a longer interval between the first and 
ie second operation, and with a longer duration of ill- 
ess and a more extensive revascularization at the first 
peration are currently undergoing operation for a sec- 
nd time. Although not significant, a shift to more ex- 
sive coronary artery disease with poorer left ventricu- 
ir function was noticed. 
= Operation: All operations were performed according 
o the previously described method. In 3 patients, no 
cardioplegia was used: in 1 because the operation was 
imited to a partial resection and reconstruction of an 
occluded vein graft and in 2 because only intermittent 
ross-clamping was used. A mean of 3.3 distal anasto- 
Oses was placed for which a mean of 1.8 grafts was 





5. The operative mortality was 7.5%; most- patients 
ied within the first 24 hours (5.5%). The main cause 
‘was myocardial infarction (5 0%) followed by heart fail- 
ure (1.5%). A logistic regression analysis marks left ven- 
tricular function and gender as independent determi- 
ants of operative mortality. The relative risk of a pa- 
tient with poor left ventricular function compared with 
a patient with normal left ventricular function is 3.1 
(95% confidence interval 1.1 to 8.9). Female patients 
have a relative risk of 3.6 (95% confidence interval 1.4 
to 9. i compared with male patients. 








the First 4 40 and the Last 40 Patients p 
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Elective procedures Oh) . on TPQ Be” 
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internal mammary artery graft ey BOS BB 
Distal anastomoses eV OA Sct a 
Clamp time (min) . : a Ba 5 pore = — 
Bypass time (min) : | ae 
Operative mortality (%) B rA 
Mortality within 24hours {%) Aa DD e aeaa 
Cardiac mortality. (%) e A ar ne ee 
Nonfatal cardiac complications (%) > ; sal. Doy 
Myocardial infarction (%) 40. 
Heart failure (%) ae yp AOD 
Rethoracotomy (%) BS 
infection (%) j. 


Mediastinitis (%) 


Operative morbidity (nonfatal complicati ns): Car- : 
diac complications occurred in 11.5% of patients, myo 
cardial infarction in 4.0% and severe heart failure ino 
10% (2.5% secondary to a myocardial infarction). In 5% ` 
of patients an infection was treated and. 2% had a me- . - 
diastinitis. Rethoracotomy was performed in 5.5% of 
the patients. Table II summarizes surgical data, pee 
tive mortality and morbidity. a ee 

Late mortality and survival: Cardiag mo tality aft 
ee armor occurred i in 17. 6% of the p : r patient 




























Patients with poor left aie function teld to o Have 
a less favorable prognosis with a 5-year survival of 77% 
(versus those with normal left ventricular. function. 89%, 
p= 0.5). The multivariate model indicated only angina 
pectoris, the interval between the operations and tl 
number of distal anastomoses as independent. deter n 
nants.of survival. The cumulative 5-year survival rate of 
patients with angina pectoris. class IV was 80% (vs 9 
p = 0.08), of patients with an interval of ane mont 
78% (vs 100%, p = 0.07), and of patients \ h <3 
anastomoses 81% (vs 90%, p = 0.09). Figure ; 

the cumulative survival rate of patients with normal aad 
poor left ventricular function. 




























tients had a een infarction, 3.3% under- 
a third coronary artery bypass operation and 4.9% 
coronary angioplasty. One or more new interventions 
ere performed i in 7.6% of patients. The probability of 
emaining free of a cardiac-related event (myocardial 
nfarction, a third intervention or a cardiac death) dur- 
ng a 5-year period was 64% for the. total study popula- 
on, 
ction (versus normal left ventricular function, 73%; po 
11) and 53% for patients with angina pectoris cla 
(vers in class II to HI, 87%; p 3 
05). The Cox multivariate model ndicated ‘aly ox. an- 
pectoris as an independent determinant. Figure a 
the influence of left ventricular function on the — 
al course. Figure 4 shows the functional class of | 
ients without any cardiac-related event, together 
the cardiac-related events or- noncardiac death of 
emaining patients, presented i in years since the re- 
tion. In the fifth year after. reoperation, >50% of © 


ients have severe angina pe eras or had had a cardi- 
ç event. ~ 
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ospital discharge, AL 9% of fo 


_ cess, no angina or angina pectoris class I] were 


but was 42% for patients with poor left ventricular 


Clinical status at the end of follow-up: ‘Adéording to 
general practitioners, cardiologists and the, least favor- | 


| | = Lv norma | 





onal = LV poor 3 
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ri I se. 
‘| E Lv normal 
—~ LV poor 







able : score, severe > angina. pecte 
present in 10, 19 and 21% of pa ients 
patients, the general practitioner and the card 
agreed on a clinical status free of angina. pect 














in 79% of the patients. Figure 5 shows the clinica 
at the end of the follow-up, presented by years sin 
reoperation. Table III summarizes the clinical cot 
after hospital discharge and Table IV shows clinical st 


tus at the end of a 


DISCUSSION ae | 

The number of N for coronary artery 2 
ease is increasing. -Reoperations will become the seco 
most common. procedure in the field of cardiac surg 
and will cover 210% of all coronary bypass operati 
in the near future. If all syi mptomatic patients a 
a coronary bypass: operation were considered as poter 
tial candidates for reinterve tion; the present situatio 
would resemble an- “iceberg” phenomenon. Because ¢ 
the early onset of large-scale. coronary bypass surger 
centers in the United States have provided most of 
information on the subject of reoperations. The resi 
of American studies mey not be applicable to the Eur 
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months after 2nd operation 
































f patients 185 (100%) 
owp (%) . 0.5 
Late mortality | 
- -Cardiac cause (%) 76 
 Noncardiac cause{%) 2:2 
First-year mortality %) 27 
3-year survival (%) 84 
` Late cardiac morbidity 









> Myocardial infarction (%) 11.9 
oe Angioplasty. or third operation (%) 76 
= 6-year cardiac-related event free (%) 64. 

























rdiac event = myocardial infarction, angioplasty, third operation or cardiac 


setting. The | more restrictive approach of many 
pean countries to cardiac surgery leads to a differ- 
nt: patient group unde Tgoing reoperation, with more se- 
ere angina pectoris.*!° 

‘The objective of our study was to determine the clin- 
| outcome and long-term results of reoperations in 
r center. We found an operative mortality of 7.5% 





CO] NYHA iei 
NYHA Hi + tY 
| ZB post-event 

= cardiac death 
Waa non cardiac death 
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Lost to follow-up i Ta 















No complaints 57 B5% 
Angina pectoris NYHA class Íl 73 (44, 5%) 
Angina pectoris NYHA class H/V O B4(21%) > 





NYHA New York Heart Association. 


and a 5-year cumulative samiai after: hospital dis- Fr 
charge of 84%. Comparative studies have reported that 
the operative mortality of reoperation is. higher es . 
that of a first operation. n 
Pocled data of the State of New York registry a 
showed an operative mortality of 11.7% in 1987.1! The 
results of different centers are presented in Table V. — 
Importantly, Table V also shows some significant differ- 
ences in patient selection resulting i in an important shift- 
in baseline characteristics. There is a large range of the. -7 
mean age, the interval between the first and the second , 
operation, the severity of angina pectoris and the degree 
of ventricular dysfunction. Some investigators include — 








deaths were Tezistered a at tthe actual time. 





FIGURE 5. Histogram of 165 patients 
alive at the end of follow-up, according to 
eipig par parted lied ey 





class m or g 









À “Comparison of Results from Published Reports 





Interval 
Operations 





: Center 


Cleveland 1982-84 
“of Clinies® 1979-81 
AR 1967-78 
Thoraxcentrum 99 te = 
ops Dijkzigt 

so} Harvard?2 

“| London Chest 
Hospital? 
-CASS registry?4 
-Mayo Clinics!5 
exas Heart 

_ Jnstitute?6 
-1% All periods together. 
apo T Nonactuarial estimate of survival. 
LV = left ventricular. 














~ combined procedures, e.g., aortic valve replacement or a 
_. third bypass operation. In the present study we noticed, 
_ like others, a trend toward reoperation of older patients 
~ with a longer duration of illness and more advanced cor- 
-onary artery disease. Both the increasing efficacy of 
coronary angioplasty as an alternative for bypass sur- 
~ gery and the use of the internal mammary artery as a 
~ graft at first operation has delayed reoperation, result- 
-ing in an increase in the number of reoperations in later 
¿stages of the disease.*!? More distal anastomoses are 
< placed on coronary artery branches with small lumina, 
whereas a number of lesions do not offer any possibility 
~ for bypass graft surgery. The prolonged time on extra- 
-corporeal circulation, a more difficult myocardial pro- 
_ tection and the increased risk of postoperative hemor- 
_ Thages, all increase the operative mortality. 

> In our study, the 5-year survival was 84% and the 
_ probability of an event-free period of 5 years was 64%. 
In general, survival after reoperation is favorable and is 
orted as ranging from 84 to 90% for the first 5 years. 
addition, some studies compared survival after a first 
second operation and found no major differences.5° 
- In our study, multivariate analysis indicated left ventric- 
_ ular function as an independent determinant for opera- 
_ tive mortality but not for long-term survival. This is in 
_ contrast to the Cleveland series and some other reports 
nd could be explained by the transition of mortality to 
first 30 days, resulting in selection of survivors.5 The 
higher risk of women for operative mortality is reported 
others, but could be biased by factors not monitored 
in the analysis as recently shown by Kahn.!8 Other 















multivariate independent determinants of long-term 
_ survival were not significant in the univariate analysis 
and the interpretation needs a larger patient group or 
er observation time. The benefits of reoperation are, 
i great extent, determined by quality of life, ex- 


acces -by the functional class. 





ents and 35% had no complaints. Func- 
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sistent with other studies that also reported a high re- 
currence of angina pectoris.!? The evaluation of the 
clinical status at the end of follow-up is determined by- 
the study design. If we change the method of assess- 
ment of clinical status from the least favorable score of. 
one of the questionnaires to the best score of general - 
practitioner or cardiologist, we would have found a Suc- 
cess rate of 88.6, and 56% of patients would have been 
free of complaints. Differences in judgment of clinical 
status are explained in 2 ways: First, general prac- 
titioners sometimes include noncardiac complaints in 
their final score; and second, the general practitioner — 
has not seen the patient for a long time and provides an | 
indirect reference. As a result, the cardiologist has a_ 
92% agreement with the definitive rating in contrast to 
the general practitioner with a 60% agreement. The dis- 
crepancies between the rating of functional class em- 
phasizes the subjective nature of the published results. 
Study limitations: No effort was made to stratify the - 
patients according to risk factors for atherosclerosis and _ 
prevention of graft thrombosis after reoperation in our _ 
study because of its retrospective nature. The extent of 
coronary artery disease was assessed by means of the — 
sum of proximal stenoses in major coronary arteries and 
does not account for the more diffuse atherosclerotic 
disease and peripheral lesions, although this might have _ 
an influence on the outcome. The degree of left ventric- — 
ular function was based on a score of the wall motion — 
combined with the presence of a high left ventricular in 
end-diastolic pressure. The use of the ejection fraction — 
was rejected because it requires ventriculograms, some- 
times lost for review or not repeated before the reopera- 
tion. Although the value of left ventricular function is _ 
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ardiovascular Risk Factor Clustering and Ratio 
f Total Cholesterol to High-Density Lipoprotein 
_ Cholesterol i in Angiographicaliy Documented 











‘ber of factors, including blood d lipids,'-3 hemo- 
w globin and hematocrit,*5 fibrinogen, smok- 
ing,!° and diabetes.!! There is also mounting eviden 
that many of these risk factors cluster together and act 
synergistically especially when present at their higher 
levels.'2!3 To characterize our cardiologic population 
and, with the aid of risk factor clustering, develop a 
clinical, multivariate approach toward eventual secon- 
dary prevention, we evaluate a group of risk factors rou- 
tinely obtained in patients undergoing diagnostic coro- 
nary nary arteriography at a large referral medical center, 
- qi arti es. Clustering and demonstrate that clustering of high-level risk fac- 
` high- and low-level risk factors \ was di smo nie r tors may be readily identified by a marker: the ratio of 
: 2 the highest and lowest quartiles of total/ tp. total cholesterol to high-density lipoprotein (HDL) cho- 
> oe a A respectively (p epia Th n ain hest lesterol matin HDL cholesterol). 


Patients were studied between January and October. 
1989. Within a week before coronary angiography, an 
outpatient examination was performed, fasting blood 
sample drawn and a resting electrocardiogram record- 

that HDL. ch les- ed. Results of history and physical examination were 

“terol se serves as a marker not only for robs et uctive tabulated by the examining cardiologist with the stan- 
_ coronary disease but also for a cluste er o ofp dardized computer program of the Hadassah University 
e risk factors. eee Hospital Department of Cardiology. The presence of 
(Am J Cardiol 1991;67: 7:31-36) = systemic hypertension was determined by diagnostic 
l history and blood pressure measurement >160/ 90 mm 

Hg or by the use of antihypertensive medications. Dia- 

betes was considered present if there was a diagnostic 

history confirmed by a fasting blood sugar >140 mg/dl 
or antidiabetic treatment. Smoking: was considered a 

factor if the patient had either smoked or stopped smok- 

ing during the last 5 years >10 cigarettes per day for 

>5 years. Cholesterol, 4 HDL cholesterol’? and triglyc- 

eride'® levels were determined in duplicate by enzymat- _ 

ic methods in the Hadassah Hospital. laboratories of — 

Drs. E. Stein and O. Stein, where lipids are standard- 
ized with the Lipid Research Clinics Program. Fibrino- 

gen values were determined in the Hadassah Hospital- 

laboratory of Dr. A. Eldor with an automated coagula-_ 

tion laboratory analyzer using calcium thromboplas- 

tin. In our data, N een were Tu to ee 











































alate both the presence and extent of saat di- 
_ ameter reduction of >1 coi rteries, 










s ietin and fibrinogen level, a history os of smoking, 
: resili cciacact Haat a AO co 
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$ Mean Values and Prevalence of Continuous and 
ste Variables in Men and Women 













Continuous Variables (Mean + SD) 
380 300 






















we ( 58411 57+10 59413 
otal cholesterol {mg/d} 224443 2224+43 232442 
HDL cholesterol (mg/dl) 40+10 39 + 10* 45411 
‘otal /HDL cholesterol 59416 6041.7* 5341.2 
riglycerides (mg/dl) 154 + 76 158480** 138458 
Fibrinogen (mg/d)? 338492 335493 343491 
Jemoglobin (g/dl) 147414 15041.3* 13.7415 
matocrit (%) 4645 46 + 4* 4345 
‘otal protein (g/dl) 71405 7.1405 70405 
Viscosity (centipoises) 46406 47405% 42406 












Prevalence 


No.of Pts. (%) 





- Previous myocardial 
_ infarction 
` Coronary artery? . 95 25 57 38 
250% reduction 

in diameter 






1 
2 
3 













r men and women, ” p < <0. O01; ** p <0.02; Tp <0.001 by chi-square analysis, 
tp = 05 by chi-square analysis; $ 180 patients (age-adjusted): 137 men, 43 women. 
HDL = hi sity lipoprstein; SD = standard deviation; total /HDL cholesterol = 

ratio of total cholesterol to high-density lipoprotein cholesterol. 







present study exhibited no differences among any of the 

_ various specific shear rates reported by Simone et al, we 
report only viscosity in centipoises at a shear rate of 208 
-s7!, which is comparable to the shear rate in the coro- 
nary artery. Coronary angiograms were obtained with 
` the Judkins percutaneous retrograde femoral artery 
i technique, using 2 high resolution 4.5-inch General 
Electric image intensifier, and were filmed at 25 
 frames/s. All films were reviewed by 22 observers 
- without specific knowledge of blood laboratory results. 
© Significant occlusive disease was defined as 250% di- 
- ameter obstruction of a major coronary vessel. Extent of 
disease was defined as the number of major coronary 
arteries with significant occlusive disease. These arteries 
comprise the left anterior descending coronary artery 
with its major diagonal branch, the right coronary ar- 
tery and the circumflex coronary artery with its major 
marginal branch. Depending on dominance, the posteri- 
or descending coronary artery was included as part of 
the right coronary artery or circumflex coronary artery. 
In case of disagreement among observers in this inde- 
- pendent visual esti mation, a final result was reached by 
7 mutual consensus. — 
ical anal sis: Statistical analysis was per- 

ith standard methods for 2-tailed unpaired 
à psquare. analysis and forrelation co- 
iple groups < f contin- 











oe regression ‘analysis with a S 
gram on a PDP-11/34 computer and with an- 
program on a Microvax 3900 computer. etg ; 
HDL cholesterol with both univariate and rhultivariat 


analyses was closely related to the presence and extent _ 
of coronary artery disease, and was clinically suitable as 
opposed to a more invasive evaluation such as coronary — 







angiography, we selected the ratio to be used as a mark- . 


er for other risk factors. We used the range of both the. : 


highest and lowest quartile of individual continuous — 


variables to determine high and low levels of these vari- 


ables, except for HDL cholesterol, in which the opposite 


was determined. Discrete variables were considered as if- 


they were in the highest quartile by their very presence 


and in the lowest quartile by their absence. Similarly, _ 


the finding of 3-vessel disease was assigned to the high- 
est quartile and that of no significant vessel disease to 
the lewest quartile. 

Patient population: Patients whose laboratory values 


or coronary anatomy might be altered by a clinical © 


event or by pharmacologic or mechanical intervention — 


were excluded. These included those who had had a re~ _ 
cent acute myocardial infarction, prior percutaneous ` 7 


transluminal coronary angioplasty or coronary artery — 
bypass surgery, had received streptokinase, were accept- 
ed for angiography on an emergency basis, had a he- 





matocrit level below 35% or were receiving antilipemic 


agents, thyroid preparations or estrogens. From a total — 


of 666 consecutive patients undergoing coronary arteri- — 
ography during the period of this study, 380 patients did _ 
not have any of these excluding factors and were includ- — 


ed. Sixteen of these patients had been receiving couma- ~ 
rin-type anticoagulant drugs, 51 were taking diuretics 
and 126 were on a regimen that included f-adrenergic — 
blocking agents. Total cholesterol, HDL cholesterol and 


al/HDL cholesterol values were not significantly dif- 








ferent when comparing patients receiving or not receiv- — 


ing -adrenergic blocking drugs. Triglycerides, however, 
were significantly higher in patients taking these agents, 
(172 + 92 vs 145 + 65 mg/dl [p <0.01]). Information — 


on each of the continuous and discrete variables was 


obtained in almost every patient; however, due to a de- 


4 Be 


lay m instituting fibrinogen testing, fibrinogen level was — 


determined in only 180 patients. 


RESULTS 

Walues (mean + standard deviation) for continuous 
variables and prevalence of discrete variables are listed 
in Table I. Most subjects were men who, in comparison 
with women, had significantly different lipid and rheo- 
logic values and a greater prevalence of discrete vari- 
ables. 


Continuous variables: Univariate analysis for con- 


tinuous variables generally showed highly significant 
statistical differences (p <0.01) between no significant 


disease and the presence of either 1-, 2- or 3-vessel dis- 


ease. P values for many correlation coefficients relating © 
1 continuous variable to another were often in a signifi- - 


-cant range; however, in most cases, the correlation coef- 
ficients were below 0.200. Triglycerides \ 


5 hat r values relating triglycerides t to total cho 













LE H Significant Relations Between Continuous Variables and Discrete Clinical-Risk Factors (t Test) aa 





p Value Diabetes p Value Hypertension p Value Previous MI 








-Triglycerides 








7 Fibrinogen <0.05 HDL cholesterol! ; HDL cholesterol 302° 

| Hemoglobin <0.001 Hernogiobin <0.002 Hemoglobin <0.01 
Hematocrit <0.001 Hematocrit <0.001 Hematocrit <0.002: 
if Viscosity <0.001 Viscosity. <0.001 Viscosity <0,001. 






| Total /HDL cholesterol <0.05 | ee Total/HDL. cholesterol pora 


coe The: mean level of a continuous laboratory Variable | in: patients with the Ioe clinical eae of smoking, diabetes, ooa or. previous myocardial infarction is related: 
< | the mean level in patients without the presence.of the listed discrete variable. Except for high-density lipoprotein chol estero, the mean was always higher i inthe group witht 

“4 presence of the risk factor. Only those variabies with significant differences. {p <0,05) are included. Ue 
Mi = on infarction; other abbreviations asin Tabled. l 






















pS . TABLE MH Continuous Variables and Extent of Obstructive Coronary Artery Disease 





Significance of Significant 
-F Coefficient Pairs 







tai Analysis of Variance in 380 Patients 
at : a No. of coronary arteries 
250% reduction in 

























. .- diameter m, 
` |F No.of pts. /age (yr) 95/54 89/56 86/58 110/62 0.001 0-3. 1-3 
-F Total cholesterol (mg/dl) 23 — 226 227 230 0.025- = 0-3 
cofi HDL cholesterol (mg/d) oO o 4 39 39 0.017 -o 03 
-f Total /HDL cholesterol 5.2 5.8 6.1 6.3 0.0001 — 0-1, 0-2, 0-3 
|. Triglycerides (mg/dl) 135 159 159 160 0.059. — 
|... Fibrinogen* (mg/dl) 324 © 343 335 352 0.473 = 
Hemoglobin (g/dl) 143 © J52 14.7 14.8 0.001 - Ol 
-| Hematocrit (%) 44O 4? 46 46 0.001 Ol 
1 Total protein (g/dl) 70 tka ed 7.3 7.1 0.537 © ed 
| Viscosity (centipoises) 44 ©. 48. 4.6 4.6 0766 E T 
ypa t 180 patients (age-adjusted). 


‘Significant pairs = pairs, of vessel disease groups that are significantly different as carulaed by Duncan's muttiple-range test for comparisons; other abbreviations as in Tabie i 
























FS terol, HDL cholesterol and total/ HDL cholentorel were as well as to a variety of other factors, and was Clinically 
Q: 388, 0.389 and 0.653, respectively (all p <0.00001). suitable as a marker, we divided our patients into quar- 
< The correlation coefficient for age and fibrinogen levels tiles of 95 patients each by ratios of 0 to 4.67, 4.68 to 
_ was 0.289 (p <0.001). 5.63, 5.64 to 6.72 and 6.73 to 15.00. It is notable that 
-` ‘Discrete variables: A variety of interrelations were from quartile 1 to 4 the percent decrease in HDL cho- 
_ demonstrated when discrete clinical variables were cor- lesterol levels was greater (38%) than the increase in 
: related with one another: hypertension was related to total cholesterol levels. (24.5%). Many patients with 
_ previous myocardial infarction (p <0.01), smoking (p high ratios may not necessarily have an elevated level of - 
<0. 0.001) and diabetes (p <0.05), whereas smoking was total cholesterol; the high ratio thus indicating a re- 
_ related to diabetes (p <0.01) and previous myocardial ~ duced level of HDL cholesterol. Because of these differ- 
< infarction (p <0.01). Blood rheologic factors were sig- ences, we included total cholesterol and HDL cholester- 
~ mifi cantly related to smoking, diabetes, hypertension ol as separate variables in the analyses. i 
~and previous myocardial infarction when discrete clini- Factors emerging from an analysis of variance indi- 
cal variables were related to ey: values (Table cating that the mean values for. the quartiles were not. 
Pos all equal are shown in Figure 1. Age-adjusted fibrino- 
<- Vessel disease: Analysis of variance, relating extent gen values are included, although the significance of the 
of ¢ coronary disease to continuous variables (Table III), F coefficient was >0.05, at 0. 076. Duncan’s multiple- 
_ provided a variety of significant correlations. Chi-square range test for comparisons did not demonstrate statisti- 
ar alysis of discrete variables indicated a relation only cally significant differences between any 2 quartiles of — 
for previous myocardial infarction to extent of disease hemoglobin or fibrinogen values; statistically significant — 
(P <0.01). When we used multivariate stepwise regres- differences were present, however, among most quar- 
_ sion analysis for all factors analyzed, the significant fac- tiles for the other continuous variables. Chi-square anal- 
related to extent of disease were total / HDL choles- ysis of discrete variables indicated statistical signifi- 
ol, age, diabetes and aia . cance for smoking, previous. myocardial i infarction and 
tero otein extent of vessel disease. The a quartile -pa 
„cording to total/HDI L cholesterol ma‘ 
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a | fo ry artery $ obs 1n 








"ef have 24 risk coe at thei Bre levels 
o patients in quartile 1 (p <0.001) (Figure 2 
However, if quartile 1 is evaluated when risk fac- 
ide no bart aa at their most abnormal nes 





























op cos factors i in ak l <0.001), but only if 
sk factors are at their low levels (Figure 2, bot- 
If total cholesterol and HDL cholesterol are ex- 


ation between ratio quartiles and the number of 
h high- and low-level risk factors remains (p 
0,001). Because of the differences in risk factors be- 
zeen men and women, we also performed separate 
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¢ continued to ee very significant (p <0.0 001). | S 


jed. from the cluster analyses, the significance of as- 
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smaller group of women, clustering of high-level but no 
of low-level risk factors was seen (p <0.001). Because 
triglyceride levels were closely related to total/HDL 
cholesterol and were also significantly higher in patients. _ 
receiving B-adrenergic blocking agents, we performed 
cluster analyses on the 254 patients who were not re- 
ceiving 8 blockers: The total/HDL cholesterol quartile 
analysis for clustering was very similar for high-level (p 
<0.001) and also for low-level risk factors ie <0.001). 


DISCUSSION eo 8 
interwoven relations: A variety of E E that a 
involve lipid,! rheologic,2° metabolic and endocrinolog- 


ic factors?! may be related to the presence of occlusive = 


coronary artery disease. The present study demonstrates — 
that these factors are often interwoven through an intri- ~ 
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; network of multiple relations. This complexity ; is 
trated i in our patients by several univariate relations 
that go beyond the usual associations among various lip- 
~ ids and coronary artery disease. These include relations 
"among triglycerides and total cholesterol and HDL cho- 
~ lesterol levels, but especially total/HDL cholesterol, and 
the relation of rheologic factors to clinical variables 
-= such as smoking, diabetes, hypertension and previous 
-myocardial infarction. The relation of these clinical 
. variables confirms the earlier suggestions of the impor- 
-tance of rheologic factors by Burch and DePasquale.* 4 
_ -With multivariate analysis, we also observed associa- 
ms among total/HDL cholesterol, age, diabetes and 
der with obstructive coronary artery disease. Char- 
ristically, an elderly male diabetic with a high ratio 
ikely to have occlusive coronary artery disease. 
Clustering: The strong relation between both HDL 
a Tomer levels and total/HDL cholesterol with the 
presence or absence of obstructive coronary disease has 
. previously been emphasized in analyses of patients un- 
` dergoing coronary arteriography.!2? Total/HDL cho- 
lesterol may offer the widest range of discrimination in 
. identifying the extent of coronary obstructive disease. ! 
_ The present study additionally Proposes that total/HDL 
_ cholesterol may identify patients with clustering of 
high-level risk factors. This appears especially valid for 
men, although, despite a smaller group size and signifi- 
: cant differences between men and women for several 
“risk factors (Table I), clustering of high-level risk fac- 
-tors was also noted in women. It is ‘likely that these vari- 
ables act synergistically in groups and may thereby 
“greatly contribute to the obstructive process in coronary 
arteries. A similar finding using the ratio—that risk fac- 
-tors at high levels tend to occur in groups—was noted 1 in 
; children i in the Bogalusa Heart Study.'3 mS 
_ Clinical implications: By itself, the ratio may rep- 
: resent ‘the dynamic balance of cholesterol influx, by 
_means of low-density lipoprotein cholesterol, and efflux, 
_ through a negative transport function of HDL choles- 
- terol, from areas such as atherosclerotic plaque.2? The 
-additional identification by this ratio of persons with 
-risk factors at high levels may strengthen the awareness 
of both patient and physician to the likelihood of ob- 
structive coronary artery disease. The total /HDL cho- 
















‘lesterol ratio may thus stand out as a marker that can 


-be used to identify additional risk factors and that may 
i, result i in a variety of treatments for this. cluster of risk 








The percent decrease in HDL cholesterol levels is 

ich greater than the percent increase in. total choles- 
levels when moving from total/HDL cholesterol 
ile 1 to 4. Greater emphasis on the importance of 
“HDL cholesterol??? associated with an only moderately 
elevated total cholesterol may therefore be required for 
dentification of the high-risk patient with a cluster 
k factors. Unfortunately, therapy for low HDL 
erol levels is limited.24 A larger number of op- 








dietary or environmental. For the clinician, moreover, 
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sh-density fi sin cholestero i coed staks Secton caoclaring | 
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ruction. Top, a greater p ntaga of patients is noted to. 
kave 24 high feral ok hetore rane tile 4 as compared with 
quartile 1 (p <0,001). Bottom, clustering of multiple low-level 
risk factors is demonstrated in quartile 1 in contrast to quar- 
tile 4 (p <0.001). 






dosages,?> aspirin, and fibrinogen-lowering agents, in- — 
cluding pentoxifylline” and fish oil, may have particu- _ 
lar use, especially in patients in whom these factors are 
present at high levels and are clustered with other risk 
factors at high levels. i 

Recognition of clustering of high-level interrelated - 
risk factors lends credence to the existence of a uniform 
background to coronary artery disease, whether or not 
the primary stimulus eventually proves to be genetic, 


the very fact that many risk factors tend to cluster at | 
high levels adds greater insight to a clinical setting that 
so often appears abstruse. 
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P ‘evaltnce of Unsuspected Mitral Regurgitatic ion 
_ and Left Ventricular Diastolic Dysfunction in 
F Patients with Coronary Artery Disease and Acu te 
- Pulmonary Edema Associated with Normal or- 
Depressed Left Ventricular Systolic F unction 
a l Gregg W. Stone, MD, Brian Griffin, MD, Prediman K. Shah, MD, Daniel S, Berman, MD, 


= Robert J. Siegel, MD, Stephen L. Cook, MD, and Gerald Maurer, MD, with the technical — 
T assistance of David E. Brown and Kenneth J. Resser, MS | 






















ine the prevalence and role of left ventricular tients with normal or depressed LV systolic func- : 
tolic dysfunction, LV diastolic dysfunction tion. 
tral regurgitation (MR) in patients with acute (Am J Cardiol 1991;67:37-4 
lary edema, 40 patients with coronary ar- | 
disease and acute pulmonary edema were pro- 












T ihe clinical syndrome of acute cardiogenic pulm 
p tively evaluated within 36 hours of presenta- § nary edema is usually associated with systol 
ion. LV ejection fraction and 3 parameters of LV 4A dysfunction of the left ventricle, but recent stud- 
stolic function were measured with radionuclide ies ‘have identified patients in whom pulmonary edema 
atricul: graphy, whereas MR was. assessed with and: heart. failure are associated with normal or near 
je normal left ventricular. (LV) systolic function. These pa- 
tients have been assumed to have primary LV diastolic 
dysfunction resulting i in an abnormal relation between 
diastolic pressure and volume.'-? Most studies of such 
d witho patients have been plagued with selection bias, inconsis-. 
es ifferer oe not significant). tent definitions of target groups and retrospective analy- 
Diastolic dysfunction without MR was fess frequent ses of nonconsecutive: series of patients.!~> In additio 
~ but lly prevalent in patients. with and without | in many of the reported. studies, diastolic function wa 
_ stole dysfunction (17 vs pate fference not si not directly measured,'3 or was. determined days t 
-nifi mts without a months after the diagnosis of heart failure or pulmonar 
edema.? Furthermore, the potential importance of m 
_ tral regurgitation (MR) in patients. with pulmonar 
~ edema and normal systolic function has not been clar 
fied. To better define the prevalence of LV systolic dys- 
rr al or mp tira aa systolic function. 1 These data function, diastolic dysfunction and MR in patients with 
_ show that there is a high prevalence of unrecog- acute pulmonary edema associated with coronary artery 
-nized moderate to severe MR in patients with acute disease, 40 patients were studied with radionuclide ven- 
ig onary edema, regardless of the į presence 0 or | nn and Doppler cic 
_ absence of LV systolic dysfunction. Fur ore, 
_ the prevalence of LV diastolic. dysfunction with hout 
AR i is relatively low even in patient s with norma 






























































it! tudy design: Patients: with s acute E edem: 
t ul len us, were evaluated upon presentation at Cedars-Sinai Med 
ognized MR may be an importni. c ontributor ical Center by 1 of 3 investigators (GS, BG, PKS). Pul 
) the syndrome of acute pulmonary edema inp pa- _ monary edema was defined as a clinical syndrome 0 
as acute respiratory distress associated with radiographi 
evidence of interstitial or alveolar pulmonary edema 
Patients were excluded if they were in cardiogenic shoc 
1. the Division of Cardiology and the Departments of Medicine and ee unwilling Mi unable to- consent to noninvas 
r Medicine, Cedars-Sinai Medical Center and University of testing. In addition, given the mar ked dependence 
i Los Angeles School of Medicine, Los Angeles, California, diastolic filling on the RR interval, patients wit 


as.a Gerald and Maxine Dunitz Research Fellowin Cardi- fi brillation or marked ectopy were also exclude 
rif received. October 2: 1989; £ revised etnik ripi ee -J-month p , 60 c 








































nts and. 
hen necessary, was poe e e with 1 review ‘of médi- 
records, asin ene = a chest trass and labo- 










v > apie: All patients under: 
Tidiemtile pnra within 12 hours 
ean + standard deviation 5 + 3 hours) of presenta- 
o the hospital. Data acquisition and analysis of 
cular function were modified from the technique 
now and Bacharach.® After intravenous injection 
§ mCi of in vitro labeled autologous red blood cells, 
ilibrium radionuclide ventriculography was per- 
med using a high-resolution collimator, with imaging 
‘the “best septal” left anterior oblique views. Analysis 
lobal systolic and diastolic function was performed 
m the “best septal” left anterior oblique view, for 
'h 40 frames per cycle were obtained with +5% cy- 
ngth windowing, acquiring 200,000 counts per 
ne. The LV region of interest was meticulously cho- 
‘to exclude the left atrium, pulmonary veins and 
t ventricle throughout the cardiac cycle. After the 
kground region of interest was chosen, a high-resolu- 
‘time-activity curve was generated. 

Left and right ventricular ejection fractions were 
ulated by computer analysis of the time-activity 
urves. In our laboratory, the normal mean + standard 
deviation LV ejection fraction is 62 + 7%. 

+ For assessment of LV diastolic function, a third-or- 
der polynomial was fit to the peak ejection and peak 
filling phases of the time-activity curve by a least- 
vares technique. A quadratic polynomial was fit to 
1¢ end-systolic portion of the curve. End systole was 
chosen as the data point closest to the nadir of the qua- 
‘dratic polynomial. The time to peak filling rate was 
yeasured as the time from end systole to the time of 
eak filling, chosen as the point where the second deriv- 
tive of the peak filling polynomial was equal to zero. 








2 Stroke! counts per beat were s measur j 


to end-diastolic counts.‘ 67 





minus end-systolic counts. The peak i 
ejection rates were then determined by calc ating th 
first derivative of their respective polynomials (Figur 
1). Peak filling rate was expressed in LV counts pe 
second normalized to peak ejection rate and strok 
counts. Peak filling rate thus normalized is ‘independen 
of systolic function, unlike peak filling rate normali; J 










































Thus, 3 indexes of diastolic function were generated 
from each time-activity curve: peak filling rate normal- 
ized to stroke counts per second, peak filling rate divid- — 
ed by peak ejection rate, and time to peak filling rate 
expressed in milliseconds. These parameters were vali- 
dated in our laboratory (Table I). At our institution, — 
norma! values for the indexes of diastolic function are 
peak filling rate, 4.03 to 9.63 stroke counts per second; — 
peak filling rate/peak ejection rate, 0.81 to 1.21; time to 
peak filling rate, 104 to 180 ms. Diastolic dysfunction 
was said to be present if 22 of these indexes were ab- 
normai. A representative time-activity curve from a pa- ` 
tient with pulmonary edema is shown in Figure 2: $ 

Echocardiography and Doppler exai A 
patients underwent M-mode and 2-dimensional. ‘ech 
cardiography and Doppler examination within 36 hours 
of enrellment. Studies were interpreted by 2 echocard. 
ographers (GM, RS). Echocardiography and Dopple 
examination were performed with an IREX Meridian — 
unit equipped with a dual frequency transducer that — 
performs imaging at 3.5 MHz and Doppler at 2 MHz. — 
The studies were recorded on both !2” VHS videotape _ 
and stripchart paper. Examinations were done from the _ 
parasternal, apical, subxiphoid and, when feasible, su- 
prasternal and right parasternal windows. Measure- 
ments of chamber sizes and wall thickness were o 
tained using standard American Society of- Echocard 
ography criteria. All 4 cardiac valves were exami 
with both continuous wave and pulsed ae oF 


diography. 






























FIGURE 1. Ar 
ventricular tim 


f MR v was present, its extent was mapped i in multi- The distributions of the continuous variable 
le planes. The degree of MR was semiquantitatively explored for the comparison subgroups of intere 
lescribed based on the percentage of the cross-sectional most cases the data were not normally distrib 
rea of the left atrium occupied by the regurgitant jet as or the variances were not equal between indepenc 
ollows: mild MR, 1 to 20%; moderate MR, 21 to 40%; groups, or both. Therefore, the nonparametric Man 
evere MR, >40%.?-'!9 For the purpose of this study, Whitney U test was used to compare the distrib 
~~ MR was considered present only it it v was at least mod- of2 independent groups. All continuous variables 
: erate or severe. lOl — Paces o io summ arized by mean + standard deviation. Fo 
ee sis: Re bility of parameters  gorical variables, independent proportions were 
2 ] intra- pared using the chi-square test or Fisher exact 
ss correlation coefficient. DA value of +1 indicates The æ level of significance was set at 0. 04 
fect reproducibility. Values greater t than 0. 8 indicate statistical tests. The stated p values. are unadjuste 
fellent pcs a aE tis | mule ‘comparisons. Because some comparisons 


icibilit y of Parameters of Diastolic Function Using Radionuclide Ventriculography 


| intraclass Correlation Coefficient. 


Bocas “© © Data 
intraobserver = 0 interobserver Acquisition 
penny Reproducibility des barea __. Normal Values 
-PFR(EDC/s) - 2 ts 9.971 So 3.90 £0.74 (2.42-5, 38) 
-0 PFR(SC/s) 3 a nr 0.! 852 | : 63 
PFR/PER 934° 0 Q. 9 1.01 +0.10(0. 8i- -1.21) 
_TPFR a a 9.93) 27 Gisela Coun : 


ie TERA values are + standard deviation. 


_ EDC/s = end-diastolic counts per second; PER= = peak ejection rate: PF Ra = peak filling rate: PFR /PER = peak filling rate/ mer ejection rate: SC /8 = stroke counts pers seco 
_TPER= time to peak filling rate. . 
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FR/PER 23023/24243- 0.95 
TPFR =470-324 146 MSEC 








ilar and Valvular Function in Acute 



















Normal Depressed 
Systolic Systolic 
Function Function 


m= 113 (n= 29) 


31+8 








554 


48 + 6.5 42410 

RSC/S 44+1.4 5142.1 NS 

R /PE! 0,79 + 0.27 0.96 + 0.47 NS 
(ms) 183 + 62 183 + 40 NS 

red MR (n) 6 (54.5%) 9(31%) NS 
lated DD (n) 3 (27%) 5 (17%) NS 
MR+ DD (n) 2 (18%) 10 (34%) NS 
Without MR or DD (n) 0 5 (17%) NS 















~ Mean values are + standard deviation. 
CDO = diastolic dysfunction; LVEF = left ventricular ejection fraction; MR = moder- 
te or severe mitral regurgitation: MS = not significant: RVEF = right ventricular 
pechni fraction other abbreviations as in Table |. 







































ised on very small sample sizes, nonsignificant results 
r reflect lack of statistical power. All computations 
ere performed using BMDP statistical software.’ 


Clinical characteristics: The 40 patients in this 
ady, 16 men and 24 women, with a mean age of 76 + 
ears (range 52 to 96), all had underlying coronary 
tery disease; 28 (70%) had a history of systemic hy- 
_ pertension, whereas 15 (39%) had a history of diabetes 
mellitus. The diagnosis of coronary artery disease was 
ade in all patients because of 21 of the following cri- 
teria: history of myocardial infarction (n = 18), coro- 
nary angiographic evidence of significant coronary ar- 
tery disease (n = 8) or development of acute myocardial 
infarction during the current hospitalization (n = 15). 
Ventricular and valvular function: LEFT VENTRICULAR 
SYSTOLIC AND DIASTOLIC FUNCTION: For the purpose of 
analysis, patients were divided into 2 groups: those with 
normal LV systolic function and those with LV systolic 
dysfunction (Table I). Global systolic dysfunction was 
defined as LV ejection fraction <48%. 

_ The mean LV ejection fraction was 43 + 6% for the 
entire cohort of 40 patients, with 11 (27%) demonstrat- 
ing normal LV systolic function and 29 (73%) demon- 
strating LV systolic dysfunction. Isolated diastolic dys- 
function was present in 3 (27%) with normal systolic 
function, compared to 5 (17%) with systolic dysfunction 
(difference not significant). 

MITRAL REGURGITATION: Moderate or severe MR with 
or without associated LV diastolic dysfunction was de- 
ected in 27 (67%) of the 40 patients, and the preva- 
lence was comparable in patients with and without LV 
stolic dysfunction (65 vs 72%, difference not signifi- 
cant) (Tables H and I). Of these 27 patients with 
MR, a murmur of MR was entirely absent in 20 (74%), 
lespite examination by multiple observers during the 
first 48 hours of admission. The prevalence of silent 
MR ` was comparable i in A with and without LV 

fur 68 vs 87%, 





difference not signifi- had. 
hout LV. diastolic ble t 

tients with nor- ate. 
mpare | with | 9 eR 

























TABLE n f Prevaèné of Mitral I Regurgitation h in Acute 
Pulmonary Edema 





Depressed 





Normal 






Systolic Systolic 
Function Function an 
(n=11) (n = 29) pValue | | 



















Total No. with MR 8 (72%) 19 (65%) 


(with or without DD) 
No. of MR patients 778 (87%) 13/19 (68%) NS 
with silent MR | 
Overall prevalence 7/11 (63%) 13/29 (45%) NS 


of sient MR 
Abbreviations as in Table H, 







with LV systolic dysfunction (difference not signifi- — 
cant). Combined LV diastolic dysfunction plus moder- 
ate or severe MR was observed in 2 (18%) patients with 
normal LY systolic function, compared with 10 (34%) 
with LV systolic dysfunction (difference not signifi- 
cant). Neither MR nor LV diastolic dysfunction was __ 
present in 5 of 29 patients (17%) with LV systolic dys- _ 
function, compared with none of the patients with nor- 
mal LV systolic function. a 
Hospital course: Fifteen (40%) patients had an Pe 
acute myocardial infarction during the hospital course. 
LV dysfunction tended to occur more frequently in this. ~~ 
group, compared with those who did not have an infarc- © 
tion (86 vs 64%). Complications (death, myocardial in- 
farction, emergency revascularization) tended to be _ 
more frequent in patients with compared to those with- 
out systolic dysfunction (55 vs 18%, p = 0.08). 


DISCUSSION ae 
In this series of 40 patients with coronary artery 
disease and acute pulmonary edema, significant MR, = 
which was frequently silent, occurred in 27 (67%) pa- =- 
tients, and the prevalence of MR was comparable re-  _ 
gardless of the presence or absence of LV systolic dys- x 
function, Whereas LV systolic function was normal in 
11 patients (27%), isolated diastolic dysfunction was in- 
frequent, occurring in only 3 (27%) of these 11 patients. 
Comparison with previous studies: Using echocardi- 
ography and or radionuclide ventriculography, several. _ 
authors have described normal global LV systolic func- 
tion in 30 to 40% of patients with congestive heart fail- 
ure of various etiologies.!~>-'4!5 Congestive heart failure 
in this subset of patients has generally been attributed 
to the presence of diastolic dysfunction, although direct 
indexes of diastolic dysfunction have rarely been deter- 
mined. -f In addition, the role of valvular dysfunction, 
particularly of MR, has not been previously addressed. 
In this. study we attempted to overcome these limita- 
tions, studying 40 patients with coronary artery disease 
who presented with acute pulmonary edema, by using 
radionuclide ventriculography to assess LV systolic and _ 
diastolic function and by using Doppler echocardiogra- 
phy 1 to assess a In In this a 11 1 CM ap 40 sri y 


















d Ti LV systolic dysfunction (65 vs 12%, differ- 
-ence not significant). Of particular interest is the find- 
-ing that MR was clinically silent and unsuspected in 20 
" (74%) of 27 patients. Of those with MR, the proportion 
with silent MR was comparable in patients with and 
- without LV systolic dysfunction (68 vs 87%, difference 
~ not significant). Silent MR has not been specifically re- 
ported in patients with acute pulmonary edema, al- 
_.though it has been described previously in 39 to 57% of 
_ patients with acute myocardial infarction.'® Although 
pel overall 50% incidence of diastolic dysfunction (with 
Or without associated MR) in this study is comparable 
to the 38% incidence reported by Soufer et al, isolated 
iastolic dysfunction (without MR) was, however, rare, 
~~ occurring in only 8 (20%) of 40 patients, with a compa- 
-rable prevalence in patients with and without LV systol- 
“ie dysfunction (17 vs 27%, difference not significant). 
: Methodologic issues and limitations: Radionuclide 
“markers of LV systolic and diastolic function are influ- 
_ enced by loading conditions, inotropic state and heart 
rate. Thus MR may increase LV ejection fraction by its 
- unloading effect while at the same time enhancing dia- 
` stolic filling rate, thereby masking LV systolic as well as 
~ diastolic dysfunction.'”-*° In patients with a depressed 
< LV ejection fraction, normalization of peak filling rate 
_ by the end-diastolic counts—the traditional way for ex- 
-~ pressing the peak filling rate—may result in an artifi- 
-= cially depressed peak filling rate. To minimize this er- 
ror, the peak filling rate was normalized to stroke 
- counts in this study. Patients with irregular heart rate 
-were not included to minimize the influence of varying 
heart rate on the indexes of diastolic function. No at- 
‘tempt was made to normalize the diastolic function to 
age, even though depressed diastolic function with nor- 
mal aging has been reported.2!.2? Doing so, if anything, 
_ would have further reduced the number of patients con- 
sidered to have a diastolic dysfunction beyond what is 
-normal for their age. We further attempted to minimize 
the effects of therapy on the indexes of LV function by 
< studying LV function soon after admission (mean, 5 
- hours) and before pulmonary edema had resolved; nev- 
~~ ertheless, the use of diuretics and nitrates may have al- 
tered the loading conditions. — 
The degree of MR was semiquantitatively estimated 
_ and MR was considered to be present only when it was 
< at least moderate or severe. Although the estimate of 
- MR may have been influenced by the size of the left 
atrium, width of the regurgitant jet and the regurgitant 
. orifice size, the severity of the MR assessed by this 
method correlates reasonably well with the angiograph- 
ic estimates of MR severity.!'23 Doppler studies were 
~ performed 6 to 36 hours after admission and many pa- 
tients had improved by that time. This delay, if any- 
_ thing, however, might have led to an underestimation of 
the true prevalence of severe MR. The prevalence of 
silent MR was relatively high in this study. The high 
pre alence of silent MR cannot be solely explained by 
aed in the skill of gel er oe silent MR 
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but also when they had recovered) had heard. a a prec 
dial systolic murmur. 

Conclusion: This study of patients with coronary. a 
tery disease and acute pulmonary edema found th: 
whereas approximately one-fourth of the patients h 
normal global systolic LV function, isolated diastolic 
dysfunction was uncommon in this subset. Significan’ 
MR was, however, present in the majority of patient: 
with both normal or abnormal! systolic function, was 
usually not detectable by auscultation, and may have 
contributed to the genesis of pulmonary edema. 7 
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itu during t the sp ea with ventricular 
nycardia (VT) or accelerated ventricular rhythm 
nd a structurally normal heart. In 2, VT was asso- 
ated with long QT syndrome. Both are alive on f- 
locker therapy, 1 with an implanted pacemaker. 
welve infants had accelerated ventricular rhythm, 
nd 2 of these died in the first 2 months of life of 
unrelated conditions. The other 10 are alive at a 
lian age of 4 years (range 2 months to 11 
ears), and none were lost to follow-up. Hemody- 
namic compromise did not occur with accelerated 
ntricular rhythm. The ventricular rate was very 
ose to the sinus rate in all 12, <12% above the 
nus rate. The mean QRS duration during acceler- 
ated ventricular rhythm was 92.5 ms, and aver- 
aged twice the QRS duration during sinus rhythm. 
Fusion beats were seen in all 12, and there was 
'atr lar dissociation with capture beats in 
10. In 2, ventriculoatrial conduction was present. 
1 reatment was attempted in 5 of the 10 survivors 
icular rhythm, and was 
to be successful i in 4. Treatment was pa 
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entricular tachycardia (VT) and accelerated ven- 
tricular rhythm are uncommon in children, and 


have been found to be due to a number of causes, 


including cardiac tumors,! 
cardiac lesions,? electrolyte disorders* and antiarrhyth- 
mic therapy. The prognosis depends on the cause, but 


myocarditis,’ obstructive — | 


VT has been shown to be associated with the develop-  _ 


ment of ventricular fibrillation and sudden death, par- 
ticularly when due to cardiac hamartomas! and pro- 


longed QT syndrome.® These ventricular rhythms have. _ 
only rarely been reported in the first month of life. 
We report here our 22-year experience with VT and 
accelerated ventricular rhythm in neonates in the fi rst a 


month of life. 


METHODS 


We reviewed the records of all neonates with the di 
agnosis of sustained or nonsustained VT or accelerated 
ventricular rhythm at our institution from 1968 to the 
present. Hospital in-patient records, outpatient charts, 
electrocardiograms and 24-hour electrocardiographic  __ 





tracings were reviewed. Follow-up information was ob- 
tained from referring physicians and family. Electrocar- 
diograms demonstrating the arrhythmia were analyzed 
with respect to the following characteristics of the ar- > 
rhythmia: QRS duration, fastest rate, slowest rate, 


tachycardia duration, QRS morphology, fusion beats, ~ 


capture beats, atrioventricular dissociation or ventricu- 
loatrial conduction. 


RESULTS 





Fourteen children presented within the first month. oes 





of life with VT or accelerated ventricular rhythm and a 2 





structurally normal heart. They could be divided into2 
general groups: those with the prolonged QT syndrome 
presenting with polymorphous VT (n = 2), and those _ 


who presented with accelerated ventricular rhythm (n = 
12). In all 14 patients, the occurrence of fusion beats in 
the absence of any signs of ventricular preexcitation in- 
dicated that the rhythm was ventricular in origin. 
Group 1: Two. neonates presented with polymor- 
phous VT and prolonged QT intervals. The first patient 
has been previously reported, © and presented after deliv- 


ery with nearly continuous, nonsustained polymorphous — 
VT angi with a QTc of 0.50 second during short runs of — 

yt ‘an episode of ventricular fibrillation 
he underwent implantation of 


for. overdrive ventricular: pac 










Slowest Fastest 
Rate Rate ORS 
(beats/min) (beats/min) (ms) 


QTc 
Age /Sex 
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+12.4 
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Si eg hg Died at this age due to unrelated conditions, 
-1 Recent patients, currently being actively followed, 
Sod © Median age at ee of survivors, patients 3 Biches 12, 

ay ol d= days. mas 


< ing. at age 6 days. At age 8 moide Jei is stable in a 
~~ 100% paced rhythm with propranolol. 

-._. The second patient presented i in 1968 at another hos- 
` pital at age 5 hours with episodes of nonsustained poly- 
~< morphous VT at rates of. 230 to 350 beats/min. The- 
~ episodes resolved and during sinus rhythm the electro- — 
_ eardiogram showed a QTc of 0.49 second. She was ad- 
mitted to our medical center at age 1 month with a 
` recurrence. The episodes were associated with hypoten- | 
< sion and pallor. Treatment with propranolol, lidocaine, 
phenytoin and isoproterenol failed to control the ar- 
- thythmia. Therapy with digoxin was begun, which abol- 
-ished the tachycardia. She was treated with digoxin un- 
6 months of age, when she was lost to follow-up. She 
ppeared at 3 years of age, when the diagnosis of long 
QT “syndrome was made. Digoxin was stopped and she 
: -has been maintained on propranolol. At age 20 years, 
she was doing well, without attacks of tachycardia. 
= Group 2: The second group consisted of 12 infants 
ho a with accelerated ventricular rhythm and 
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20d/M , 
24hrs/M 130 136 136 90 0.45 
14d/M 181 187 200 90 0.37 
A 2hrs/M 140 146 150 100 040 
5 14d/M 142 150 166 90 045 
3d/F 167 187 © 200 80 0.38 
lhr/F 140 150 -150 120 0.38 
7d/M 136 142 157. 100 037 
Oih/M 165 167. 187 90 0.39 
24hrs/M 142 150 16 70 038 
12hrs/M 150 160 


0.407 
+ 0.035 


rhythm revealed no signs of hemodynamic instability. 


frontal plane vector, which was right /inferior in 3, left/ 
found in all 12. Atrioventricular dissociation with ca 


-proving the ventricular origin of the rhythm (Figure 1 
In 2 patients, ventriculoatrial conduction was intact 
. (Figure 2). However, the episodes started with clear 
fusion beats in both, making the diagnosis of junction- 
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id 31 Digoxin, 821 
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life. Echocardiography showed that all 12 had structur- 
ally normal hearts. One patient had a mildly decreased 
left ventricular shortening fraction. The episodes of ac- 
celerated ventricular rhythm were completely asymp- 
tomatic in all, and cardiac examination during the 


Sinus rates were very close to the accelerated ven- 
tricular rhythm rates in all 12 patients (mean 95.1% 
of ventricular rate, range 89.3 to 98.8%). The QRS 
duration during. accelerated ventricular rhythm was 
an average of 1.998 times the QRS duration in sinus 
rhythm. QRS morphology during accelerated ventricu- 
lar rhythm was monomorphic in all. In 8, sufficient 
leads were recorded to allow an estimate of QRS mean 


inferior in 4 and right/s superior in 1. Fusion beats we 


ture beats of normal morphology were seen in 10 of 1; 


an 


n 
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URE 2. Patient 9, ad V: A Note the fusion boat at the ensai of accelerated ventricular rhythm and the appear- 
e of retrograde P waves after the third beat of the ventricular rhythm. 


Kok tachycardia with aberration very unlikely. hour electrocardiographic monitoring in the absence of 
eatment was attempted in 5 of the 12 patients, and medication was available in 7 of the 12 patients. 

s thought to be successful, with complete suppression | 

f the episodes of accelerated ventricular rhythm, in 4 DISCUSSION ; 
atients. In all 5, medication was successfully with- We have found that infants who present in the first — 
rawn at a later date, with no recurrences. month of life with ventricular rhythms are a heteroge- 
Two of the 12 infants presented with accelerated nous group. True VT, presenting with more rapid ven- 
entricular rhythm and with severe illness. The first was tricular rates and cardiovascular compromise, was rare, 
ull-term neonate with an imperforate anus. After sur- and in our experience was associated with prolonged 
ery, he developed a potassium level of 6.5 mg/dl and QT syndrome. The largest group consists of those in- 
n osmolality of 233 mOsm/liter. During the infusion fants with structurally normal hearts presenting with — 
3% sodium chloride, he developed accelerated ven- accelerated ventricular rhythm, for whom the progno- 
cular rhythm with a rate of 200 beats/min. The epi- sis has been excellent. When accelerated ventricular 
ade did not cause a change in clinical status and re- rhythm occurs with simultaneous noncardiac disease, 
olved spontaneously. He died at 2 months of age of the prognosis appears to be related to the concomitant E 
evere graft-versus-host disease. disease. 

- The second infant was born at 34 weeks’ gestation Accelerated ventricular rhythm occurs at rates simi- — 
and had trisomy 18, respiratory distress syndrome, nec- lar to the sinus rates recorded just before and after the 
rotizing enterocolitis, and a patent ductus arteriosus rhythm. The QRS duration is significantly longer than — 
that was ligated at age 3 days. At age 1 day, she hada the normal QRS in sinus rhythm of a newborn, but is- 
cluster of episodes of accelerated ventricular rhythm at not long compared with normal adult QRS duration. — 
a rate of 135 beats/min. The episodes did not precipi- Unlike the accelerated ventricular rhythm seen in older ~ 
tate a change in clinical status, and the arrhythmia re- children and in adults, accelerated ventricular rhythm 
solved spontaneously. She died at age 4 days of necro- in the first month of life seems to be a phenomenon of s 
tizing enterocolitis. the immediate newborn period, and disappears early i in e 
~ All remaining 10 patients were healthy without re- postnatal development. To 
ceiving antiarrhythmic medications and were found to Our data on accelerated ventricular rhythm a — 
have had no arrhythmias at the last follow-up visit. and extend earlier observations of several investigators, : 
Documentation of the lack of ventricular ectopy by 24- who have reported 17 cases in 8 well-documented re- ^ 


















“TABLE H Accelerated Ventricular Rhythm——Published Reports 
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s 9-14 (Table I). Th 





“rhythm reported in neonates, and all had a benign 
« course. Our own experience supports this benign prog- 
_ nosis. We provide a long follow-up interval for 7 of our 
10 survivors. The remaining 3 survivors were born re- 
> cently and are still being followed. 

= The benign nature of accelerated ventricular rhythm 
- Ga neonates is similar to that reported in later childhood 
-and in almost all adults. Gaum et al!5 reported 4 chil- 
dren, age 6 to 14 years, with accelerated ventricular 
hythm. All 4 were asymptomatic during the rhythm, 













occurs at a rate within 10 beats/ min of the sinus rate.'6 








-o sis'©!9 with 1 exception. When it occurs within the first 
24 hours after a myocardial infarction, there is a strong 
association with malignant ventricular arrhythmias.2° 

_. When a newborn infant presents with a ventricular 
ythm, a differentiation should be made between VT 
-and accelerated ventricular. rhythm. In the latter, the 
ratei is usually <200 beats/min and within 10% of the 
_ concomitant sinus rate, with no cardiovascular compro- 
_ mise. In contrast, in VT the rate is usually >200 and 


there are signs of cardiovascular compromise. Those 


. with VT deserve a careful search for inciting factors, 
~~ such as long QT syndrome, hamartomas and myocardi- 
~ tis, each of which requires specific therapy. _ 

Our experience, as well as ‘that reported i in this age 


o. suggests that attempts at suppressing accelerated 





<- ventricular rhythm with antiarrhythmic agents may be 


~ unsuccessful. Because of the excellent long-term out- 
~~ come and the lack of hemodynamic compromise during 
i -the rhythm, one should withhold antiarrhythmic thera- 
py in this group and await resolution of accelerated ven- 
a tricular rhythm. 
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i ently performed, and was correlated with the visu- 
lint , Forty-seven patients (51%) had 
má images, and 46 (49%) had defects of 22 
egmen abnormal studies, only 13 pa- 
ents (14% of the total population) had septal de- 
fects, while a much higher number of patients, 33 
(39%), had inferior or apical defects, or both. Coro- 
‘nary angiography was performed in 6 patients with 
-septal defects: Significant narrowing of the left an- 
‘terior descending coronary artery was found in 4 
patients, a narrowed right coronary artery was 
found in 1, and normal coronary arteries were seen 
in the other patient. in conclusion, whereas previ- 
‘ous studies have suggested a high percentage of 
false-positive septal defects in patients with left 
BBB, this study demonstrates a low prevalence 
(14%) of septal defects in a large population of un- 
-selected patients presenting for exercise thallium- 
201 imaging. Th , exercise thallium-201 im- 
aging remains a useful procedure for evaluating pa- 
tients with complete left BBB. 
; {Am J Cardiol 1991;67:46—49) 
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 Thallium-201 Imaging in Con plete Lef 
e Branch Block and the Prevalence of 
Septal Perfusion Defects 


= the prevalence of septal defects ina 


ied Jone 8, 1990; revised D received August 31, 1990, and : 





ognized as the best clinically available noninvasive ~ 
method for detecting significant coronary artery ` 


Y Dees imaging after exercise testing. is rec- 


disease.'- The test has been considered most important 
in patients with abnormal baseline electrocardiograms, 
such as bundle branch block (BBB).>~> Recently, use of —— 
thallium-201 imaging in patients with complete left 
BBB has been questioned due to an unusually high per- © 
centage of patients with septal defects in which subse- 
quent catheterization demonstrated no evidence of dis- 
ease in the left anterior descending coronary artery.’ ae 





The high prevalence of false-positive septal abnormali- 
ties (range 14 to 100%) has led some investigators to = 
suggest that thallium-201 scintigraphic evaluation of _ 
patients: with left BBB may be misleading for the diag- 
nosis of coronary artery disease.®.? However, the previ- 
ous studies only evaluated patients in whom cardiac 
catheterization was performed because of symptoms 
and suspected left anterior descending artery disease, 
and the high percentage of septal defects may not be 


representative of a more generalized population in — 


whom invasive procedures were not necessarily per- a 
formed. Therefore, the purpose of the present study was 


to determine the prevalence of septal defects as well as. E 


other thallium-201 patterns in unselected, consecutive ~ 


patients with complete left BBB referred for oo a 
testing. 


Patient selection: The records of all patients under- 


going thallium-201 exercise testing at either The Mir- 
iam or Memorial Hospitals during the period January 
1987 te March 1990 were reviewed. Electrocardiograms. 
were evaluated by the investigators to confirm the pres- 
ence of complete left BBB at rest and during exercise; 


such patients comprised the study population. 

Exercise thallium-201 procedures: All patients 
completed a symptom-limited exercise test, utilizing the 
Bruce protocol. An intravenous injection between 2.2 
and 30 mCi of thallous chloride was given 1 minute 
before cessation of exercise. Planar myocardial imaging 
was begun 5 to 10 minutes after completion of exercise, 
and was repeated approximately 4 hours later. Elscint 
or Phillips gamma cameras equipped with general, all- _ 


purpose, parallel-hole collimators were used for all stud- — 


ies, Cie came were obtained ir in the: Ann, 30° and 70° 7 ‘ 


ler, N D, PhD, Division of Cari- es unt 





























nputer system and by 23 of the relia Identi- 
-of all studies were blinded and included images 
from patients without left BBB to assure impartiality. 
‘Agreement was by consensus, although any disagree- 
_ ment occurred in <10% of the studies.'° To determine 
` location of the defects, the heart contour on each projec- 
= tion was divided into 5 segments, for a total of 15 seg- 
_ ments (Figure 1). Each segment was evaluated as hav- 
< ing normal, diminished or absent photon activity. Any 
-> Study was considered abnormal if 22 of the 15 seg- 
` -ments were abnormal. Areas 6, 7, 11 and 12 were con- 
sidered to represent the septal area. These areas were 
Chosen because previous studies used these areas, and 
correlation of septal abnormalities by cardiac catheter- 
-ization also has been made.2*® However, because areas 
- 11 and 12 may also only reflect the anterior wall, no 
patient was categorized as having had a septal defect 
= unless the abnormality included areas 6 and 7. 
© In addition to visual, blinded interpretation, the im- 
a: ges were subjected to independent computerized quali- 
‘tative analysis, using the procedure of Maddahi et al.!! 
-This program uses a circumferential profile analysis and 
+ compares the patient data with a group of 32 patients 
~ with a very low probability of significant coronary ar- 
_ tery disease. Comparisons between the visual data and 
-= computerized analysis of the same images were made 
-with regard to the presence and location of defects, and 
-agreement was 95%. Discrepancies were resolved by ei- 
_ ther identification of artifact such as breast attenuation 
or by accepting the quantitative findings as correct. 
=. Patients with thallium-201 abnormalities were fur- 
` ther investigated with regard to subsequent. coronary 
. cineangiography, if performed within 3 months of the 
exercise testing. Significant coronary artery disease was 
-> considered present when luminal diameter narrowing of 
a 270% was found in 21 major coronary artery. 














RESULTS 

_.. Ninety-three consecutive patients (49 men or 44 
women, mean age 66 years [range 37 to 81) with com- 
e left BBB at rest who underwent exercise thallium- 
01 testing during the study period were identified. Six- 
- ty-three patients had histories of chest. pain, 23 reported 
> prior myocardial infarction, 1 had a recent cardiac ar- 
-rest and 10 were evaluated because of the presence of 









SURE 1. Evaluation of planar thallium-201 images. Each of 
and i delayed hyn (anterior as 40° and 70° left 


tal defects achieved =85% of their maximally predicte 







left BBB a a No cli ical data we 
patients. Myocardial imaging revealed that 47 pa 
(51%) had normal and 46 (49%) abnormal studies. 
the abnormal studies, only 13 patients (14% of the toti 
population) had septal defects, whereas 33 had defect 
in other areas. The exercise characteristics of those wit 
abnormal scans with or without septal defects w 
compared to those with normal scans. There was no sta 
tistically significant difference in the exercise durati 
achieved percentage of the maximally predicted he 
rate or the achieved heart rate-pressure product amon 
the 3 groups of patients. Seven of 13 patients with s 














































heart rate. - | 

The thallium-201 scans of the patients with abnor 
mal studies were categorized into 5 regions: septal, ant 
rior (not including the septum), inferior, apical and p 
terolateral (Figure 2). When each region was Epe 
ed as a percentage | of the total abnormal scans, . 
greater proportion of patients had either apical (74%) o 
inferior defects (54%) than septal abnormalities (28%) 
Some patients had >1 abnormal region. 

Patients with septal defects were reviewed in deta 
(Table I). Chest pain was the primary reason for. th 
exercise thallium-201 test in 8 of the 13 patients. Th 
patients with septal defects showed evidence of ischemi: 
by means of a reversible defect in all but 3 patients 
Eight of the 13 patients also had defects in other areas, | 
suggesting multivessel disease. ; 

Coronary angiograms were available in 6 of the t: 
patients with septal defects. Three-vessel disease with 
stenoses >75% in diameter was found in 1 patient, 95% 
narrowing of the left anterior descending artery was- 
found in 3 patients, an isolated 99% stenosis of the right 
coronary artery was found in 1 patient, and normal cor- 
onary anatomy in | patient. Thus, >4 of the 13 patients. 
with septal defects had disease consistent with the pat- 
terns of the scans. If one assumes that all 7 patients 
with septal defects who did not undergo cardiac cathe- : 
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MYOCARDIAL REGIONS ts 


Indications 
for 


13 6,7,11,12 
ma $ See Figure 1. 


- CP = chest pain: F =fixed defect: LAD = left anterior descending coronary artery, LBBB = 


Percent Narrowing 2 
by Arigjogram o 


3458,14 


23,13 
3,4,8,13,14 
3,8,13 
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left bundle branch block: LC = left cirournflex coronary artery: Mi= murd. 


infarction, MPHR = maximal predicted heart rate; PTCA = percutaneous transiuminal coronary angioplasty; R = reversible defect: RPP = rate-pressure product: Right = right | 


raced artery: SH = systemic hypertension; T-201 = thailium-201. 


isleation had no disease and were added to the 2 pa- 
ents without left anterior descending disease who did 
ndergo catheterization, a potential of only 9 of 93 pa- 
ents could have had false-positive septal defects on ex- 
rcise thallium-201 scintigraphy. 

. Eight of the 33 patients with abnormal scans in 
areas other than the septum also underwent cardiac 
catheterization, and ail had evidence of obstructive cor- 
‘onary artery disease: 5 had multivessel disease, 2 had 
significant disease in the left anterior descending artery 
alone, and 1 had disease in the circumflex artery alone. 


‘DISCUSSION 

_ The present study evaluated 93 patients with com- 
plete left BBB presenting for exercise thallium-201 scin- 
tigraphy. We found that 51% had normal and 49% had 
-abnormal studies. Thirteen patients (14% of the total 
population) in the abnormal study group had septal de- 
fects. Four patients with septal defects were found to 
have disease in the left anterior descending artery by 
cardiac catheterization, whereas 9 had either no disease 
in the left anterior descending artery distribution or 
were not studied. Thus, the overall incidence of septal 
defects in this unselected population was low (14%), and 
the false-positive rate was at maximum 10%. 

_. Data from published reports have suggested an un- 
“usually high percentage of normal left anterior descend- 
‘ing arteries in patients with left BBB and septal defects 
during exercise thallium-201 imaging. For example, 
Hirzel et alf reported on 19 patients with anteroseptal 
defects in whom coronary angiography was performed 
and found that left anterior descending coronary artery 
disease was present in only 21% of the patients, leaving 
9% with normal ceronary circulatory supply to the sep- 
um. Huerta et alë studied 11 patients with chest pain 
uggestive of coronary artery disease and left BBB who 





nt coronary catheterization. Eight patients had 


8 had normal coronary anatomy, 


Depuey et al? also showed a high percentage (75%) 
of “false-positive” septal defects by thallium-201 single- 
photon emission computed tomography imaging. Inter- ~ 
estingly, of their 14 patients with left BBB and abnor- a 
mal thallium-201 scans, evidence for coronary artery = 








disease by cardiac catheterization was found in 71% of 


patients, and reversible septal defects were associated 
with right coronary artery stenosis in 42% of patients 







(still considered false-positive). However, it may be ar- ` 


gued that the septum can be supplied by the right coro- i 


nary artery as well as the left anterior descending ar- 


tery. In a study of 24 patients with left BBB by Braat et = 
al,’ only 1 of 8 patients with normal coronary arteries n 


had a reversible defect in the septal area. 


The findings in the previously discussed studies su sug- : 
gested that a high percentage of patients with septal — 


defects have normal coronary anatomy in the distribu- 


tion of that defect, causing concern over false-positive = 


studies and the overall usefulness of the test. However, 
the prevalence of septal defects in patients with left 


BBB was not evaluated with the limited exception of . 








Braat et al.’ Another study by Rothbert et al!? evaluat- 


ed 74 patients with left BBB, but gave detailed informa- 


tion only on the 22 patients who underwent catheteriza- a 
tion. They did report that 29% of their patients had | nor- =e 


mal scans. 


The present study also demonstrates that the level of 
exercise achieved played no role in the development of 


septa! defects, in contrast to the study of Depuey et al.° 
Patients in the present study with either normal or ab- 
normal scans in other areas exercised to the same extent 


as did those with septal defects. In addition, the preva- 


lence of septal defects in the group of patients who at- 


tained 285% of their maximal predicted heart rate was | 


not different from that in the group of Patients who. did: 


not reach 85%. Previous reports have s 


th normal thallium-201 pat 














ptake of thallium-201 | in the septum, or “why there 
not a greater percentage of defects in patients who 
srcised to higher energy levels. Thus, the etiology of 
S ‘septal defects in patients with normal coronary circula- 
s tion remains speculative. | 

. The present study was retrospective. Not all patients 
underwent cardiac catheterization, and the overall sen- 
itivity and specificity for thallium-201 i imaging in pa- 
ients with left BBB could not be assessed. However, 
























s to assess the overall prevalence of septal abnormali- 
ies in a more generalized group of patients with left 








derwent cardiac catheterization patients with normal 
dies and 1 many patients with abnormal scans in areas 
i er than the septum would have be excluded be- 
cause an invasive procedure was not performed or indi- 
~ cated. Had only catheterized patients been include 

his s tudy, the percentage of septal defects would have 
een 43%, not the 14% reported here. a 

->= The subjects evaluated in this study. probably repre- 
-sent a general population of patients with left BBB and 
: cause only 49% of 
















uspected coronary artery disease bec 
je patients had positive test results, nd the pretest in- 
cidence of prior myocardial infarction was low (25%). 
n both this study and that of Braat et al, other abnor- 
al thallium-201 perfusion patterns were found twice 
i s often as septal defects.’ In their study, all 12 patients 
-with other defects were found to have significant coro- 
< nary artery stenosis during cardiac catheterization. This 
-also was true for the present study, although only a lim- 
< ited number of patients underwent catheterization. The 
- contention in published reports is not whether defects in 
-other areas represent coronary artery disease, but rather 
-that the finding of a septal. abnormality may represent a 
. false-positive test. Our results do not refute that | 

< but suggest that a much higher percentage. of patients 
may have either normal scans or defects in areas other 
siete the septum of the left ventricle. . 
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eri the change in cycle length and QRS 
1orphology before spon us termination of sus- 
ained ventricula r tachycardia (VT), electrocardio- 
rams were recorded and VT cycle length mea- 
ured for the periods 31 to 21 and 11 to 1 beats 
efore termination in 55 episodes from 28 patients 
vith coronary artery disease. Beats 31 to 21 were 








py; 11 episodes occurred in patients not treated 
with antiarrhythmic drugs. Variability in cycle 
length was indexed by the standard deviation of the 
“mean cycle length and by the percentage of consec- 
_utive cycles varying by 240 ms (% 240 ms). There 
was greater variability just before termination 

- (standard deviation of the mean cycle length, 25.8 

| ise! % >40 ms, 16.7%) than during the stable pe- 
-riod (standard deviation of the mean cycle length, 

; 85 ms; % 240 ms, 5.4%; p <0.001 for both). This 































although the differences in the standard deviation 
-of the mean cycle length for beats 11 to 1 and for 
beats 31 to 21 were greater for the antiarrhythmic 
-drug group (29.6 vs 8.9 ms, p <0.001) than for the 
"group not receiving antiarrhythmic drugs (11.0 vs 
-6.7 ms, difference not significant). No specific pat- 
-terns of cycle length variability characteristic of VT 
termination were found. A change in QRS morphol- 

_ ogy occurred before termination in only 4 (7%) epi- 
— of VT. In all, an cycle length variability in- 

7 r before spontaneous VT termi- 
“nation, nation, although marked variability may occur 
-without termination; (2) antiarrhythmic drugs may 
-enhance the increase of cycle length variability at 
-the time of termination; (3) distinct patterns of cy- 
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cle length variability were infrequently seen at ter- oÀ 
mination; and, (4) a change in VT mot gy be- 
fore termination is rare. These results may have 
implications for validating computer models of VT o 
termination, for designing sensing criteria for anti- 
tachycardia devices and for increasing our under- 
standing of antiarrhythmic drug action. E 
(Am J Cardiol 1991;67:50-54) as. 





ous termination of sustained ventricular tachy- 

cardia (VT) have not been described in humans. 
An association between an increase in cycle length ` vari- o 
ability and spontaneous termination has been noted in 
human supraventricular tachycardias'~* and in animal 
models of VT.5° Studies of the effect of sudden changes _ 
in heart rate on ventricular conduction and refractori- 
ness suggest that even modest changes in cycle length — 
may have important effects on a reentrant circuit lead- 
ing to arrhythmia termination.’"'! In the present study, 
we characterized the changes in cycle length and QRS 
morphclogy that occur before spontaneous termination 
of sustained VT in humans, and determined the effect _ 
of antiarrhythmic drug therapy on the aegse of cycle 
length variability. T 


METHODS | 
Patient group: Fifty-five episodes of sustained (>20 
seconds), monomorphic VT that terminated without 
cardioversion or pacing intervention were analyzed. All — 
episodes of VT were hemodynamically tolerated. The — 
study group comprised 27 men and | woman, aged 37 
to 79, with coronary artery disease and evidence of prior 
myocardial infarction (Table I). Mean ejection fraction 
was 26%. Episodes of VT were recorded during teleme- 
try monitoring of in-patients (28 VTs), ambulatory — 
Holter monitoring (10 VTs) and during electrophysio- 
logic study (17 VTs) at recording speeds of 25 to 100 
mm/s with 1 to 3 surface electrocardiographic leads. 
Episodes of VT recorded in the electrophysiology labo- 
ratory were induced with programmed stimulation; the 
onset of the remaining episodes was spontaneous. Elev- _ 
en episodes of VT occurred in patients receiving no anti- 
ib ia mae 37 episodes occurred in patients with 


C ycle length variability and its relation to Peers ; ue 


































VT Episodes 





Mi Location 





Antiarrhythmic Agent 





72 AMI + IMI 32 proc(1), proc + tide (3) 
72 AMI 30 amio+proc : 
Al AMI 31 amio (1), lido (1) 
62 IMI 30 toc+proc P 
60- imi | o 38 none (1), amio (1), amio + proc (1) ae 
72 AMI + IMI. 8 -quin 
68 AMI + iM! 22 © amo 
68 IMI 16 -amio 
Ee IME o4, -none 
76 {MI 15 none. 
79 AMI 26 S proc (1) amo + roe (1) 
58 IMI 2 37 - amio” 7 
AB AMI | 290 amiol, amio + mex (1) 
60 AMI | 20 amio ` 
6400 IME 25 amio 
BE IMI 4l proc 
. 64 AMI 17s amin (1), amio + mex (1) 
a: Moo 370 proc 
BF AMI 38 proc 
60 AM 8 ‘proc +lido 
o 52 IMI. 38 =~ amio (3), amio + mex (1) 
-. BF -AMI | 39 -amio + dilantin 
aoe. F IMI 19 none 
74 AMAMI 17 proc: 
~~ 62  — AMMI 135 amio+lido — 
68 IMI 30 amio + proc + mex 
480 AMI 23 - diso 
l 68. ta AMI + IMI 17 te ant He 
“Numbers in parentheses refer to the number of episodes on sah Ta regimen. 


| AM = anterior wall myocardial infarction; amio = amiodarone: diso = disopyramide; EF = left EES acai acter: iM] = Slee wall myocardial infarction; lido = lidocaine; 
. mex = = mexiletine; Mi = myocardial infarction. proc. = = procainamide: quin = quinidine; toc = tocainide; YT = ventricular araa i ; 
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“sodes of VT from the same patient were s indkidéd for 21 beats ibeo termination; chosen because itisa peri- 
Study in several instances, accounting for 39 episodes. od of stable tachycardia, provided a reference point for 
Of these 39 episodes, 7 VTs had a different QRS mor- changes that might occur immediately before termina- 
phology, 19 VTs occurred with different antiarrhythmic tion. Cycle length variability was quantified in 2 ways 
-drug regimens, 18 VTs occurred on different days, and (Figure 1): (1) calculation of the standard deviation of 
17 VTs had a = 10 beats/min difference in rate; none of the mean cycle length over each period (beats 31 to 21 
= criteria ee to 2 kea in 5 P and 11 to 1) and (2) calculation of the percentage of 
a - consecutive cycles that differed by 240 ms (>2 X max- 
imum interobserver. measurement error). Specific pat- 
terns of cycle length variability at termination were de- 
was scribed by comparing the cycle length of the last 4 beats 
dee ecard cycle ae was: s determined | io be <20 of VT with the mean cycle length for beats 31 to 21; 
ms at the slowest recording speeds. The period of 31 to long and short cycles were defined as =20 ms above 
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on E pe groups. A p value <0. 05 was con- 
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ation of cycle length variability and tachycardia 

ation: Greater variation in cycle length occurred 
before VT termination than during stable tachycar- 
‘Figure 2, A and B). The standard deviation of the 
n cycle length was 8.5 + 1.6 ms for beats 31 to 21 
d was 25.8 + 3.9 ms for beats 11 to 1 before VT 
rmination (p <0.001). The frequency of marked cycle 
agth variability (240 ms change between consecutive 
tervals) showed a similar relation, with 5.4 + 1.7% of 
e intervals for beats 31 to 21 and 16.3 + 2.8% of the 
tervals for beats 11 to 1 (p <0.001). Of note, changes 
240 ms were observed in 21 interval in 15 (27%) of 
e 55 episodes of VT between beats 31 to 21 and in 29 








p « .0001 





4 Standard 
Deviation 
(msec) 


31-21 beats 41-41 beats 


p «< 9001 








% consecutive 
. eycles differing ~- 
by = 40 msec 
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31 2] beats ttd beats 


Ther range of Forde length variation for 


was up to 120 ms for beats 31 to 21 and up to 28) I 
for beats 11 to 1. i 

Effect of antiarrhythmic drug therapy on ‘eycle Sy 
length variability: Cycle length variability increased bē- 
fore VT termination irrespective of antiarrhythmic drug 
therapy. However, antiarrhythmic drug therapy ap- — 
peared to enhance the degree of cycle length variability i 
at the time of termination (Figure 3A). In patients not a 
treated with drugs, the standard deviations of the mean — 
cycle length for beats 31 to 21 and for beats 11 tol | 
were 6.7 + 2.1 ms and 11.0 + 2.4 ms, respectively (p = — 
0.085), whereas, for patients treated with antiarrhyth- ` 
mic drugs, the standard deviations of the mean cycle - 
length were 8.9 + 2.0 ms for beats 31 to 21 and 29.6 + ~ 
4.7 ms for beats 11 to 1 (p <0.001). Similarly, the per- 
centage of consecutive cycles differing by 240 ms was 
4.0 + 3.1% for beats 31 to 21 versus 7.0 + 2.7% for — 
beats 11 to 1 for the untreated patients (difference | 
not significant) and was 5.8 + 2.0% for beats 31 to 21 ` 
and 18.7 + 3.4% for beats 11 to 1 (p <0.001) for pa- | 
tients receiving antiarrhythmic drug therapy. The mean 
change in standard deviation for beats 31 to 21 and 11. 
to 1 for each VT episode was significantly greater (p =- 


Standard 
Deviation 


{msec} CJ 31-24 beats _ 


EII beats fF 


Change in 


stantiard deviation 
Itat ve. IPTE, 


















| 4.2 + 2.2 ms, Figure 3B). 
~ Further stratification of the patients treated with 
- antiarrhythmic agents—into those who received acute 
< intravenous drug therapy initiated during the VT epi- 
. sode and those maintained on a chronic, steady-state 
- antiarrhythmic drug regimen—showed no difference 
~ between the 2 subgroups. For the patients receiving 
` acute intravenous drug therapy, the standard deviations 
: for beats 31 to 21 and beats 11 to 1 were 1.1 + 1.1 ms 
nd 31.1 + 11.1 ms, respectively (p = 0.034); whereas, 
the patients receiving chronic drug therapy, the val- 
ss were 10.1 + 2.2 ms and 29.3 + 5.2 ms, respectively 
p <0.001). o 
-> Patterns of cycle length variability at the time of 
termination: No specific patterns of cycle length vari- 
~ ability occurred with great frequency in this study. Ex- 
-amples of some patterns of cycle length variability noted 
_-at the time of VT termination are shown in Figure 4. A 
“sudden shortening of the cycle length, preceded by 3 
- normal intervals, was the most frequent pattern of cycle 
~ length variability, and was seen only in 5 of 55 episodes. 
. Many different patterns were observed, some terminat- 
ing with short (12 VT) and some with long (17 VT) 
_ cycles. Of note, no apparent change (>20 ms) in cycle 
- length (4 normal intervals) was seen in 14 of the 55 
_ episodes immediately before termination. _ 
| Multiple episodes of ventricular tachycardia in the 
same patient: Although 14 patients had multiple epi- 
-sodes of VT, only 3 had episodes while both receiving 
and not receiving antiarrhythmic drugs, precluding a di- 
‘rect assessment of the effects of antiarrhythmic drug 
therapy. The degree of cycle length variability in this 
_ subset of patients was similar to that seen in the whole 
study population. Patterns of cycle length variability be- 










Example 1: NNNS 


Mean cycle length at 31-21 beats was 430 msec. 








Example 2: LNLL 
Mean cycle length at 31-21 heats 
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Mean cycle length ‘at 31-21 beats was 380 msec 
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[ot vT teriination were ee identical‘ in orienta 
of VT from the same patient; the same pattern occurred — 
at termination in 9 episodes from 4 patients. 

Change in QRS morphology at the time of termina- 
tion: A change in QRS morphology was identified in. 
only 4 (7%) of the 55 episodes of VT at the time of | 
termination. No change in the QRS morphology was - 
identified during the 31- to 21-beat interval in this pa- 
tient population. 


DISCUSSION os 

This study demonstrates that cycle length variat 
increases immediately before the spontaneous te 
tion of sustained VT in patients with coronary 
disease. The increase in variability is not accounted or 
by changes in QRS morphology; thus, changes in the 
intrinsic electrophysiologic properties of the myocardi- ° 
um responsible for the perpetuation of the arrhythmia, : 
rather than a spontaneous ventricular depolarization ‘ore 
a supraventricular capture beat, are responsible for ar 
thythmia termination in most patients. Of note, we also- 
found that the use of antiarrhythmic agents was associ 
ated with greater cycle length variability at terminatic 
and with a greater change from the baseline degree 
cycle length variability at 31 to 21 beats. Finally, onl 
rarely were specific patterns of cycle length variability 
seen in the last 4 beats before termination, reflecting 
either the chaotic and unpredictable nature of the 
changes in the electrophysiologic properties responsible — 
for VT termination, or the insensitivity of surface elec- — 
trocardiography in indexing the underlying change in 
the electrophysiologic properties leading to VT termina- 
tion, or both. 

The mechanisms responsible for the development of — 
the observed cycle length changes are poorly under- | 
stood. Of note, many of the active properties of car- _ 
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y erval-dependent. The effects of 





nie is paea in heart rate or premature stimulation 
-action-potential duration and refractoriness have 
jeen well characterized’~? and consist of an oscillatory 
hange of these properties, with gradual dampening of 
he amplitude of the oscillation as new steady-state lev- 
Is are approached. Simson et al!® and, more recently, 
Frame and Simson'! demonstrated that in order for a 
eentrant circuit to continue, it must be able to dampen 
spontaneous oscillations in conduction and refractori- 
ess. Frame and Simson also observed that, although 
ome degree of cycle length oscillation always occurred 
before termination, changes in diastolic interval were 
ore critical for VT termination. 1l Because changes in 
iastolic interval are associated with reciprocal changes 

action-potential duiation. the oscillation in these pa- 
rameters is greater than the oscillation in cycle length. 
‘his may explain why VT termination occurred in the 
ibsence of any cycle length changes in some of the pa- 





a ” The finding that antiarrhythmic agents further in- 
creased this variability i in cycle length before VT termi- 
yation is intriguing. Because most of the drugs used in 
his study have potent acro De effects on con- 
juction and refractoriness, which may be cycle-length 
dependent, it is easy to conceive how they might make a 
‘reentrant VT less able to dampen oscillations in conduc- 
tion, or refractoriness, or both, and thus potentiate 
tachycardia termination. Unfortunately, this study did 
not include a sufficient number of identical tachycar- 
dias from patients whose arrhythmias occurred both in 
the baseline state and while they were receiving antiar- 
rhythmic drug therapy. Thus, our findings cannot be 
used to determine definitively the mechanism by which 
antiarrhythmic drug therapy enhanced the cycle length 
variability before VT termination or to distinguish be- 
tween the effects of different classes of antiarrhythmic 
agents. 
Finally, it is important to note that the degree of 
~ baseline variability of VT in the absence of termination 
was occasionally marked with variability in consecutive 
cycles of up to 120 ms. This information is important in 
establishing sensing criteria for the recognition of VT 
and for programming adaptive versus nonadaptive pac- 
ing modes for antitachycardia pacing. First of all, the 
degree of variability has been used as a diagnostic crite- 
rion for distinguishing VT from atrial fibrillation. The 
marked cycle length variability noted in our study dur- 
ing periods of stable tachycardia (27% of study popula- 
tion) may preclude the value of this sensing criterion in 
many patients. Second, the proper timing of a prema- 
ture stimulus is essential for successful tachycardia ter- 
mination.!? As noted by Gerbel et al,'> who studied cy- 
-cle length variability in the first 100 beats of induced 
tachycardias, and by den Dalk et al, 14,15 a pacing algo- 








limited the accuracy of our measurements At this 
cording speed, interobserver reproducibility varied | ya 
maximum of 20 ms. In addition, the use of only 1 to 





surface electrocardiographic leads may have failed to” 


identify a change in QRS morphology. Thus, the inci- — 
dence of a change in the QRS morphology at the time 
of tachycardia termination may have been underesti- — 
mated by this study. Also, the use of beats 31 to 21 — 
before tachycardia termination to index baseline cycle — 
length variability was somewhat arbitrary. Cycle length — 
changes noted during this interval may not truly index - 
steady-state variability and thus the degree of variabili- 


ty just before termination may have been underestimat- 


ed. In addition, the inclusion of different episodes of VT 


from the same patient may have introduced a bias; how- _ 
ever, we felt justified in treating each episode as a sepa- — 
rate event, in that these episodes almost always oc- 


curred on different drug regimens or different days. Fi- 
nally, the findings in this population may not apply to. 
all instances of VT. The episodes of VT occurred in pa- — 


tients with coronary artery disease and were all hemo- 


dynamically tolerated. It is not known whether similar _ 


findings would be noted in other clinical settings. 


Acknowledgment: We would like to thank Lateefah 
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bjects of the Framingham Heart Study were 


sorrected for heart rate (QTc) to risk of total mor- 
ity, sudden cardiac death, and death die to coro- 
artery disease over a 30-year follow-u 


ui of QTc (seconds) <0.36, 0.36 to 0.38, 
).39 to 0.40, 0.41 to 0.43 and 20.44 were studied 
in relation to these outcomes. There were no signif- 
-icant differences in the risk of total mortality, sud- 
_ den cardiac death or death due to coronary artery 
- disease according to QTc. A similar lack of signifi- 
- cant association between QTc and thesi 3 out 
pag was observed i among ally ste ons studied | 



















_ blood pressure and Framingham relative weight. 

- The results of this study fail to demonstrate an 
-sociation between baseline QTc and overall mortali- 
oy, and deaths due to sudden c a : p ardiac events , 

_ cohort of essentially healthy n rsons in whom 

_ pathologic forms of QTc prolongation are un- 








(Am J Cardiol 1991 67:55-58) 
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he baseline electrocardiograms. of 5, 125 original | 









d to examine the relation of the QT interval 


_ and an adverse long-term survival in patients with previ- 


cance and relatively short-term follow-up of patients 


METHODS 


2:1930 tery disease at the 
X -excluded 
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"N everal conditions, including electrolyte imbalance, 
h subarachnoid hemorrhage, mitral valve prolapse 
J selected drugs, and a congenital long QT syn- 
‘drome have been associated with prolongation of the 
QT interval. A prolonged QT interval has been asso- i 
ciated with the occurrence of malignant ventricular ar- 
thythmias during the hospital and postdischarge phase 
of acute myocardial infarction.’ QT interval prolonga- 
tion has also been associated with sudden cardiac death | 





ous myocardial infarction’-!° and in persons resuscitat- 
ed from out-of-hospital ventricular fibrillation.!! In 2 
small studies of patients with acute myocardial infarc- 
tion, a prolonged QTc was not associated with occur- 
rence of either ventricular fibrillation'? or serious ven- 
tricular arrhythmias. B A number of methodologic con- 
cerns arise, however, in the interpretation of these 
clinical series and hospital-based studies. These con- 
cerns include small sample sizes, use of inappropriate 
comparison groups, failure to control for potentially 
confounding factors of etiologic or prognostic signifi- 


with varying degrees of QT prolongation. The purpose 
of the present study is to examine the association of QT 
interval duration, corrected for heart rate (QTc) as re- 
corded on the baseline entry electrocardiographic exam- 
ination, with total mortality, sudden cardiac death and 
coronary artery disease mortality among the original co- 
hort of the a An Heart Study. 





Patient population: The population under study con- 
sisted of the original cohort of 5,209 persons of the Fra- 
mingham Heart Study who were between the ages of 30 
and 62 years at the time of entry into the study in 
1948.'*.'° The initial electrocardiogram of these persons 
was used to measure the duration of the QT interval, 
which was then adjusted for baseline heart rate (QTc) 
according to Bazett’s formula.'° The RR interval imme- 
diately preceding the QT interval was used in this for- 
mula. The average of 2 to 3 QT intervals from the elec- 
trocardiographic lead with the longest QT interval was. : 
analyzed. ee 

The electrocardiograms of persor 







































Duration of OTe (seconds) 


<0.36 0.36-0.38 





Current cigarette 

~~ smoker (%) 

- Total cholesterol 

(mean, mg/d). 

Systolic blood pressure 

os.” (mean, mm Hg) 

~ Diastolic blood pressure 80 80 

(mean, mm Hg) 

2 Framingham relative 

weight (% of normal 
_ weight) 


might have affected the duration of the QT interval. 
ersons with missing baseline electrocardiograms were 
lso excluded from further consideration. After these 
exclusions, a total of 5,125 persons remained and com- 
‘prised the population of the present report. The pri- 
mary study end points were defined as the following: 
total mortality (deaths from all causes); sudden cardiac 
‘death (onset of death within | hour of the onset of 
symptoms suggestive of acute coronary disease); and 
death due to coronary artery disease (persons dying 
from myocardial infarction, angina pectoris, or coronary 
insufficiency including sudden and nonsudden coronary 
events). 
Each of the QT and RR intervals was measured 
_manually by trained readers with the aid of calipers and 
magnifying lens. Ongoing quality control checks of the 
electrocardiograms were performed. These checks con- 
sisted of a weekly blinded duplicate review of a random 
sample of all electrocardiograms read during that time 
period by each of the observers. A high degree of inter- 
as well as intraobserver agreement was found and any 
discrepancies noted were subsequently adjudicated and 
corrected. In addition, a sample (n = 480) of these 
baseline electrocardiograms was independently and 
' blindly reread 5 times by one of the study investigators 
(EL). A high degree of correlation was observed be- 
tween the multiply read samples and the singly read 
baseline measurements with regard to the mean RR, 
average QT and QTc intervals (p <0.001). 

Data analysis: Differences in the distribution of se- 
- lected baseline characteristics between persons classified 
according to selected QTc intervals were examined 
-through the use of chi-square and analysis of variance 
tests for discrete and continuous variables, respectively. 


4 Baseline Che racteristics -s According to Heart Rate~Corrected AOT in Interval (OTe mea Heart Suoy | 


in = 1,079) 


A life-table eet was used to examine the risk of 


























































0.39-0.40 
(n= 1,464) 


0.41-0.43 
{n = 1,804) 


39 

226 228 230 
34 133 134 
81 80 81 
103 102 103 


neously controlling for the effect of several potentially . 
confounding prognostic factors.!? | oe 


RESULTS a 

Significant baseline differences eine ER the = 
various comparison groups with regard to age, gender 
and cigarette smoking status (p <0.05) (Table I). Per- 
sons with the more prolonged QT intervals included a 
significantly greater proportion of older persons, fe- — 
males and nonsmokers. A prolonged QTc (20.44. sec. 
ond) was observed in 5.4% of the persons studied. = 

Sex-specific analyses were also performed to exam- 
ine differences in the distribution of selected coronary — 
risk factors as well as QTc among the 2 sexes. Signifi- _ 
cant differences existed between the sexes with regar 
to systolic and diastolic blood pressure, smoking statu 

and QTc. Men had significantly higher systolic (1 34. 

vs 130.6 mm Hg) as well as diastolic (81.3 vs 78.6 mm. 
Hg) blood pressure and included a significantly greater _ 
proportion of current cigarette smokers (65 vs 42%) (p | 
<0,001). On the other hand, women had a significantly 
longer mean QTc (0.401 + 0.027 vs 0.385 + 0.029 sec- 
ond} and QTc interval distribution (p <0.05). Among. 
the men, 15% had a baseline QTc of <0.36 second, 29% — 
a QTc between 0.36 to 0.38 second, 29% between 0.39 
to 0.40 second, 25% between 0.41 to 0.43 second and 
2% a prolonged QTc of 20.44 second. Among the wom- 
en the distribution of these QTcs was 5% (<0.36 sec- 
onc), 15% (0.36 to 0.38 second), 29% (0.39 to 0.40 
second), 43% (0.41 to 0.43 second) and 7% (20.44 sec- 
onc), respectively. 

The association of QTc interval and all-cause mor- 
tality, sudden cardiac death and mortality from coro- 
nary artery disease was examined. No relation existed 
pewon guration S I and total aoan (Figure: iL 1 
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NT were observed in persons with the shortest 


ip e from coronary artery disease in the cohort 
studied (Figure 3). A N e lack of overall statistical 










nary AAEN disease were seen in persons ‘with the short- 
est. baseline QTc. 





he 3 primary outcome measures while controlling for 
arious potentially confounding demographic and coro- 
nary risk factor characteristics. The baseline variables 
\djusted for in these analyses included age, gender, cig- 
- arette smoking status, level of serum cholesterol, systolic 
blood pressure and Framingham relative weight. The 
a results: of these analyses confirmed previously observed 
ivariate life-table findings, namely the absence of a 
ignificant association between duration of QTc and 
isk of total mortality, sudden cardiac death, and death 
due to coronary artery disease. The adjusted relative 
-risks of these outcomes according to baseline QTc and 
_ accompanying 95% confidence intervals are listed in Ta- 
ble IL 

__. Separate regression analyses for the 3 outcomes ex- 
amined were also performed for the 2 sexes. The vari- 
-ables adjusted for in these analyses included age, ciga- 
-Tette smoking status, systolic and diastolic blood pres- 
_ sure, serum cholesterol level and Framingham relative 
_ weight. The results of these analyses were consistent 





o with the previously observed summary findings of a sig- 





_ nificant lack of association between QTc and the select- 
_ ed outcomes examined. In both men and women, no sig- 

nificant association was seen between QTc interval and 
‘tisk of either total mortality, sudden cardiac death and 
death due to coronary artery disease. 


SCUSSION 







etween baseline QTc interval and overall mortality as 
_ well as mortality due to sudden cardiac events and coro- 
z nary artery disease. The strengths of the present investi- 
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- A series of multiple regression analyses. were then 
j rformed to examine the association of QTc to each of 


he results of this study TT a lack of association | 


TABLE HI TR Relative Risk (RR) c of Mortality from ca 
Selected Outcomes According to Duration of Heart Rate— oe 
Corrected QT Interval (QTc): Framingham Heart Study 
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_ <0.36' F 10 1.0 
- 0.36-0.38 0.80 0.95 0.96 
(0.62, 1.04)  (0.57,1.61)  (0.67,1,40) 
0.39-0.40. 6.93 LYS 0.97 
| 0.72, 118) — (0.70.1 89) (0,68, 1. 39). 
041-043. 693 © 1.05 0.97 
(0.73, 1.19) (0.63, L 74) (0.68, 1.39) 
20.44 102... 13l 0.85 
0. 70, L 49) (0. 60, 2.86) (0.48, 1.50} 
* Adjusted risk of selected longterm outcome: in relation to referrerit category. 
! Referrent category. 






+95% confidence intervals, 

































gation include: a , large study population consisting of es- 
sentially healthy men and women originally enrolled in 
the Framingham Heart Study, long-term (30 years) fol- 
low-up, and use of various analytic approaches to exam- : 
ine the association of QT interval duration with selected : 
study end points. The limitations of the study are that 
only the baseline electrocardiogram of the study popula- . 
tion was used in relation to subsequent risk of selected 
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FIGURE 2. Cumulative risk of sudden death in the Framing- 
ham Heart Study: 










yy QATe:36 










QTc>44 

s ATc>40-~-=44 
QTc>38- 240 
QT c>36-<38 









ious: studies a he association of the 


terval prolongation with risk of subsequent sud- 
coronary death have primarily included patients 
prior myocardial infarction,’-'° those with out-of- 
hospital ventricular fibrillation'' and persons with angi- 
aphically confirmed coronary artery disease.’? Addi- 
tional observational studies have examined the relation 
tween. prolongation of QTc interval and occurrence of 
rious ventricular arrhythmias in patients with acute 
yocardial infarction.’ The consensus of these and 
er studies in patients with acute ischemic heart dis- 
se7!,22 jg that increases in the duration of the QTc 
terval are frequently observed in patients during acute 
yocardial ischemia; increases in the length of the QTc 
e associated with an increased risk of sudden or coro- 
y death i in hospital survivors of myocardial infarction 
in those resuscitated from out-of-hospital cardiac 
est. Measurement of the QTc interval in patients 
ith documented coronary artery disease may, there- 
re, be of prognostic importance and of use in design- 
ng therapeutic interventions for such patients. The re- 
Its of the present. study suggest, however, a lack of 
association between QTc duration and risk of selected 
mortality outcomes in a large cohort of essentially 
healthy persons. 
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sor (tenure-track) to participate in the Echocardiog- 
aboratory in the Cardiovascular Division. Responsibil- 
articipate in the clinical and teaching activities of the 
invoived in the development of new imaging modalities 
and to participate in cardiac patient care and teaching 
catheterization laboratory responsibility may be ar- 
l wili be expected to develop an independent research 
‘area of cardiac imaging. Qualifications: M.D., completion 
cine residency program, minimum 3 yr cardiology fellow- 
d eligible/certified in cardiology, evidence of specialized 
frasound techniques, and identified involvement in research. 
y N. Cohn, M.D., Professor and Head, Cardiovascular Divi- 
8 UMHC, University of Minnesota, Minneapolis, Mn 55455. 
ersity of Minnesota is an equal opportunity educator and em- 
4 specifically invites and encourages applications from women 
a (Deadline for receipt of applications: 1/31/91.) 



























t iminedais opportunity for dynamic, pacemaker 
/BE physician to join busy solo practice affiliated with a 
‘egional referral hospital in Central Maine. The area offers the 
nbination of professional challenge and recreational re- 
competitive compensation package is offered. To inquire, for- 
è ir lett er and C.V. to Michael Lemieux, M.D., 76 High Street, 
03 aa ME 04240 or phene 207-795-2389 and ask for 








































tor of Cardiac Rehabilitation Services 
ant of internal Medicine, Division of Cardiology at The 
versity is seeking a Board Certified Cardiologist at the 
fessor level to direct ammajor expansion of the existing 
bilitation program: -A challenging opportunity exists 
fac ers ina very active division with gig 
esearch programs. The Ohio State University is an 

yor unity Employer. Contact: Charles 


















Gy, The Ohio State University, 
43210, (614) 263-1128. 







m Drive, Columbus h 





y OU ARE LOOKIN G FOR A SOLO 
ICE IN CARDIOLOGY . . . LOOK 
DYNAMIC GROV mn : 'H AREA — LAS 

S, NEVADA.” 









F sity OF FLORIDA—Seeks an Assistant/Associate 






r cardiac catheterization and ‘related areas in A cardioleey. 
as an interest in peripheral vascular disease. Recruiting 
February 28, 1991. Anticipated starting date March 15, 
lease send CV to C. Richard Conti, M.D. Eminent Schol- 
ief, Box J277 JHMHC, Department of Medicine, Uni- 
| Florida, Gainesville, Fl. 32610. AN EQUAL EMPLOY- 
ae ACTION EMPLOYER. 

















ofeieor {inriire- track) to participate in the heart 
rogram in the Cardiovascular Division. individual will 
ñ the heart failure program including research, teach- 
ical management of patients. with heart failure and 
re and after transplant. individual will be expected to 
lependent or collaborative program in heart failure 
fications: M.D., completion of 3-year medicine res- 
n,m | cardiology, fellowship plus | board 












fod Contracts Coordinator: | Luz r Mejia 
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to Moderate Essential Hypertension 


D. Gareth Beevers, MD, Roger A. Blackwood, BM, Simon Garnham, BSc, Michael Watson, | M 

~ Abdul A. Mehrzad, MD, Karim Admani, MB, Jennifer E. Angell-James, MD, Morgan Feely, | 

rE Shubha Kumar, MB, Murtaza H. Husaini, MB, David Mannering, PhD, | 
Carol Connett, BSc, and Christine Long, BPharm 


Dohme, Zestril®, LC. L), an angiotensin-convert 
ing enzyme inhibitor, is effective in the treatm 
of essential hypertension'-3 and congestive cardiac f: 
ure,*5 Comparative trials of lisinopril with hydrochlo 
thiazide,' nifedipine? and metoprolol? have shown t 
lisinopril is effective and well-tolerated. The antihyper. 
tensive activity of lisinopril when taken once daily has - 
_ been shown to persist for 24 hours. Atenolol (Tenor. 
min®, I.C.I.) is a widely used cardiosélective 8-receptor 
blocker that can also be given once daily. This study 
compares lisinopril with atenolol in a large group of pa 
tients with essential ee 3 ` 






Le (Carace® Prinivil®, Merck, Sharp & 


METHODS | 
This randomized, double- blind, parallel group stu 
_ was conducted in 8 centers throughout the United Kir 
dom. Patients were 218 years of age with a sitting dia- 
stolic blood pressure (BP) between 95 and 130 mm Hg 
(Phase. V) after 2 weeks of placebo. therapy. All were 
either newly diagnosed hy pertensive patients or had pre- 
viously received treatment that was ineffective or unac- 
ceptable because of adverse effects. Patients were ex- 
cluded if they had evidence of myocardial infarction, — 
angina, heart failure, stroke, malignant hypertension, or 
an underlying cause for their increased BP. Any contra- ~ 
indications to angiotensin-converting enzyme inhibition = 
or to 8 blockade or evidence of clinically significant ab- 
normal hematologic or biochemical profiles also exclud- 
ed patients from entry. These included serum urea >10 
mmol/liter, creatinine >150 ymol/liter, potassium out- 
= side the range of 3.2 to 5.2 mmol/liter, a white blood = 
cell count <4,000/mm? or urinary protein excretion >I == 
` 8/24 hours. Informed consent from each patient and 
ethics committee approval for each participating center 















were obtained. 

At initial evaluation, a complete physical examina- 
tion and electrocardiogram were performed together 
ard General naL Bishor aR E nea Go with a full hematologic (hemoglobin, white cell cou 
ital, Sheffield: St. Bartholomew's Hospital and Medical Col, 24 Platelets) and biochemical (urea, creatinine, sodi E 
don; General Infirmary, Leeds; Tameside General Hospital, UM, potassium, urate, glucose, liver function enzymes) 
ider-Lyne; and Merck, Sharp & Dohme, Hoddesdon, United profile. Any antihypertensive therapy was then Wi 


ais work was supported by a grant from Merck Sharp & drawn and patients were then given supplies « of, ma 
oddesdon, United. Kingdom. Manuscript r ceived ing placebo tablets. í yand Atenals 
nuscript received and accepted September 4, 9 4 ; 
















Dadiey ‘Road Hospital, Birmingham; Chiltern. International 
Yexham Park Hospital, Slough; Royal Infirmary, Edinburgh; 
































e clinic (week 0 
ecorded with a Ran 
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Atenolol 
(n= 69) 






Lisinopril 
(n=75) 


ero o Sphygmomatiometer after 5 minutes sitting and 2 
utes standing. If the diastolic BP was within the 
ge 95 to 130 mm Hg and all the inclusion criteria 
nd none of the exclusion criteria were fulfilled, patients 
ntered the 8-week active treatment phase. Patients 
re randomized initially to receive active lisinopril 10 
1g with placebo atenolol or placebo lisinopril with ac- 
> atenolol 50 mg, all tablets being taken in the morn- 
ng. After 2-weeks of active therapy, patients in the li- 
inopril group with a sitting diastolic BP >90 mm Hg 
ad the dose of lisinopril increased to 20 mg. Patients 
andomized to atenolol did not have a dose titration at 
this time. After a further 2 weeks, if the sitting diastolic 
BP remained >90 mm Hg, the dose of lisinopril was 
increased to.40 mg and the dose of atenolol to 100 mg 
„and patients were reevaluated after a further 4 weeks. 
\t each visit, BP, pulse rate and body weight were re- 
corded and a residual tablet count performed. Hemato- 
logic and biochemical profiles were repeated at weeks 4 
: and 8. 
Adverse events were sought out at each visit by stan- 
‘dardized open questioning in which patients were asked 
whether they felt different in any way. Any symptoms 
-were noted. The duration and severity of adverse events 
“and the physician’s assessment of any causal relations 
-were recorded. Patients could be withdrawn from the 
trial because of side effects or lack of therapeutic effect 


STANDING 


cy results are presented on the 139- eligible. patients 


[] Lisinoprit 
Atenolol 






charges ons baseline a was pene eee on the basi 
of an intention-to-treat analysis of all eligible patients, 
Results are presented with mean + standard deviation 
and 95% confidence intervals. The significance of trea 
ment comparisons is derived from between group t tes 
Preliminary analysis of covariance to assess the possibl 
influence of medical center, age, gender and baseline — 
BP values indicated that these factors had ey Wile 
affect on sitting diastolic BP. ee 


“One. hundred forty-four patients (78 men a 66 ; 
women) entered the study, of whom 5 were protocols vio 
lators {sitting diastolic BP <95 mm Hg at entry). The 
characteristics of patients in terms of age, gender, race ~ 
and duration of known hypertension for each treatment _ 
group were similar and are listed in Table I. The safety ` 
results are presented on all patients, whereas the effica 






















Seventy-one patients were randomized to receive | 
pril (mean BP + standard deviation after 2 weeks o 
ee 170/107 + 21/7 mm Hg sitting, 169/ 110 = 
20/10 mm Hg standing) and 68 to receive atenolo 
(mean BP after placebo 170/105 + 21/7 mm ‘Hg si 
ting, 168/109 + 22/8 mm Hg standing). Ten patient 
(6 in the lisinopril group and 4 in the atenolol grou 
were withdrawn because of adverse experiences, which 
are discussed below. A further 3 patients defaulted dur 
ing treatment (1 in the lisinopril group, 2 in the atenolo 
group). Of the eligible patients, 126 completed th 
study. Of the 5 protocol violators, 2 did not complet 
the study i in the lisinopril group, 1 because of an adver: 
event; the other was withdrawn because of protocol vic 
lation. F 
EP and pulse rate data for each group at the end of 
the placebo period and at weeks 2, 4, and 8 are shown in _ 
Figure 1. Significant reductions in sitting and standing. 
diastolic BP from baseline were comparable betwee a 

















0s) *p Laias betwen aro compar- | 















eek 8, for the sitting diastolic BP, a decrease of 15 
mm Hg (95% confidence interval 12 to 18 mm Hg) was 

* observed with lisinopril and 14 mm Hg (95% confidence 
„interval 12 to 16 mm Hg) with atenolol. There was no 
-significant difference in the change in diastolic BP be- 
-tween the 2 groups (p = 0.55). At week 8, a mean de- 


¿crease in standing diastolic BP of 15 mm Hg (95% con- 


fidence interval 12 to 18 mm Hg) was observed with 
_ lisinopril and 14 mm Hg (95% confidence interval 12 to 
-<16 mm Hg) with atenolol. No significant difference in 
“the between-treatment pees of mean changes 
owas ‘observed (p = 0.62). A - significantly greater de- 
-crease in sitting systolic BP at week 8 was observed with 
- lisinopril; 26 mm Hg (95% confidence interval 21 to 31 
mm Hg) compared with atenolol; 19 mm Hg (95% con- 
fidence interval 15 to 23 mm Hg) (p = 0.02). The de- 
-crease in standing BP at the end of the study was also 
greater with lisinopril—25 mm Hg (95% confidence in- 
„terval 20 to 30 mm Hg) compared with 19 mm Hg 
- (95% confidence interval 15 to 23)—although this dif- 
ference was not significant (p = 0.08). The target seat- 
-ed diastolic BP (<90 mm Hg) was. achieved at 8 weeks 
-with lisinopril 10 mg in 17 of 22 (77%). patients, with 
-lisinopril 20 mg in 10 of 21 (48%). patients and with 
-lisinopril 40 mg in 3 of 21 (14%) patients. In the ateno- 
ol group, the target BP was achieved with 50 mg in 28 
of 45 (62%) and with 100 mg in 6 of 17 (35%) patients. 
-Both sitting and standing pulse rate decreased signifi- 
“cantly in the atenolol group by 13 beats/min sitting 
(95% confidence interval 10 to 16 beats/min) and by 15 
-beats/min standing (95% confidence interval 11 to 18 
beats/min), but no significant changes were seen with 
lisinopril. 

Seven (9%) patients in the lisinopril group, including 
a protocol violator, and 4 (6%) patients in the atenolol 
-group were withdrawn because of adverse experiences. 


“In the lisinopril group, patient symptoms leading to 


_ withdrawal were single cases of dyspepsia, skin irrita- 
tion, cellulitis of the hand, headache, cough, headache 
nausea and headache with tiredness and numb 
In only 4 of these patients were the events consid- 








ed to be related to treatment. The symptoms leading 


“to withdrawal in the 4 patients on atenolol were single 
cases of parasthesia with ankle swelling, skin rash, dizzi- 
“ness with nervousness, and syncope. In all 4 patients, 
-physicians considered that the symptoms were possibly 
related to treatment. During the placebo period, 21 pa- 
-tients reported adverse experiences. During active treat- 
D ment, 29 patients receiving lisinopril and 28 receiving 


Lisinopril 


Week 0 


ents and we were e apparent from v week 2 (Figure D 


-sults of serum potassium, urea and creatinine concen- 


F ABLE m Mean + Standard Deviation Serum Biochemistry Values at Baseline and After Eight Weeks o! Active Treatment 
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“TABLE " Most Common Adverse E 
During Active Treatment 










No. Pts. with 21 Occurrence 








































Placebo 
(n= 144) 


Lisinopril 


Adverse Experience (n= 75) 





Headache 7 1 
Dizziness 2 5 7 
Asthenia 2 3 5 
Fatigue O l 3 
Paresthesia l 3 3 
Cold extremities 0 0 4 
_ Rash 0 3 1 


atenolol. reported aiiverse experiences dating back to the 
onset of active treatment. The most frequently occur- 
ring adverse experiences with lisinopril were headache 
(9%) and dizziness (7%). For atenolol, common adverse 
effects were dizziness. (10%) and fatigue (7%) (Table 
II). Cough was reported by 2 patients taking lisinopril 
and by 1 patient taking atenolol. 

No significant changes were observed in the hemato- 
logic or biochemical variables during the study. The re- 


trations are listed in Table ITI. In 2 patients receiving 
lisinopril, serum potassium levels increased to 5.1 and 
5.3 mmol/liter, respectively. Serum creatinine concen- 
tration increased from 93 to 156 wmol/liter in 1 patient 
receiving lisinopril. Serum urea concentration increased — 
from 9.6 to 14.6 mmol/liter in 1 patient receiving lisino- | 
pril and from 8.7 to 10.7 mmol/ liter in 1 patient receiv- 
ing atenolol. é 


DISCUSSION | i 

This study shows that lisinopril and atenolol signifi- 
cantly and equally reduced diastolic BP in patients with 
mild to moderate hypertension. A significantly greater 
reduction in sitting systolic BP was seen in the patients 
treated with lisinopril. Previous studies comparing lisin- 
opril with atenolol, 7 and the other long-acting angioten- 
sin-converting enzyme inhibitor, enalapril, with ateno- 
lol,’ have shown similar effects on systolic BP. No sig- 
nificant changes in heart rate were observed during 
treatment with lisinopril. Whereas some vasodilators as 
well as diuretics have been shown to be associated with 
a reflex tachycardia, this has not been shown with an- | 
giotensin-converting enzyme inhibitors.3.°!° This lack of 
reflex tachycardia may be the result of increased vagal 
tone. 










Atenolol 





Week 8 


Week O 7 


E ae 








In may p prodüce t a sitvall i increase in serum 1 potassi- 
although this was not seen here. Elevations in se- 
potassium to >5 mmol/liter occurred in only 2 
nts receiving lisinopril, and serum creatinine and 
levels did not change significantly in either group. 
isinopril and atenolol were well tolerated and the 

ney of adverse experiences in each group or the 
ency of withdrawal from the trial was comparable. 
h was. reported by 2 patients who took lisinopril 
and resulted in the withdrawal of 1 of these pa- 

rt Cough i is. well recognized as a side effect of an- 
nsin-converting enzyme inhibitors, with a reported 
iency in short-term studies between 0 to 3%.!1%-14 
n conclusion, both lisinopril and atenolol produced a 
tically useful reduction in BP, although lisinopril was 
re effective in reducing sitting systolic BP. The low 
idence of both clinical and biochemical side effects 


Kk 


igge nopril alone, like atenolol, may be of val- 
in patients ¥ with mild hypertension. 
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| recognized as an important pathogenetic ı mec 
„anism in patients with chronic congestive | 
failure (CHF).! Previous efforts to block the syst 
tem the « ting enzyme therapeutically have. focused on 2 sites: the angiotens 
bre igiotensin Il receptor. Recent kork, Aie pekel has converting enzyme (the site of action of captopril, en 
we to the ap of agents that directly inhib- april and lisinopril)? and the angiotensin II recep 
a cascad (the site of action of saralasin).? The converting enzy 
inhibitors are the only antagonists of the renin-angiot 
sin system that have achieved widespread acceptance by 
the medical community. Long-term treatment with cap 
topril, enalapril and lisinopril produces sustained hemo- 
dynamic and symptomatic improvement and reduces 
the morbidity and mortality rates of patients with se 
ous z) vere, chronic CHF.? These clinical benefits, however 
~ duce increases in cardiac index (2.0 + 0.3 to 2.3 may not be wholly related to the suppression of angio- 
+ 0.1 liter/min/m?) and stroke volume index (26 +  tensin II formation. Because the converting enzyme is 
» 3 to 34 + 4 mi/m?) and decreases in left ventricular identical to kininase II, the converting enzyme inhibi. 
_ filling pressure (31 + 3 to 25 + 3mm Hg), mean tors act to retard the degradation of kinins, which may 
right atrial pressure (15 + 1 to 13 + 2mm Hg), in turn exert vasodilator effects by a prostaglandin-de- : 
- heart rate (78 + 5 to 72 + 6 beats/min) and sys- pendent action.*5 Yet the importance of these non-renin — 
temic vascular resistance (2,199 + 594 to 1,339 + mechanisms in mediating the beneficial effects of the- 
` 230 dynes-s-cm~5) (all p <0.01 to 8.08), | These ob- converting enzyme inhibitors has been questioned,® 
z servations indicate that renin ir inhib ) and these non-renin mechanisms may underlie the de 
i he ent ach velopment of cough and angioedema, 2 of the mos 
lap pre troublesome adverse effects of these drugs.* Hence, it is 
Ww nte terfe ring with the reinvangiotensin system in pa- possible that more specific antagonists of the renin-an- 
“tien s with this disorder. giotensin system could provide most of the benefits of - 
a (Am J Cardiol 1991;67:63-66) the converting enzyme inhibitors but with less risk. 

A variety of compounds that inhibit renin (rather 
than the converting enzyme) have been synthesized dur 
ing the last decade.?!° Because angiotensinogen is the | 
only known substrate for renin, these agents specifically 
and selectively interfere with the renin-angiotensin Sys- 
tem. Several renin substrate analogs that mimic the 
transition state of the renin-angiotensinogen complex. 
have recently been tested in normal volunteers and hy- 

eet : pertensive patients, ' 11-13 but the responses to renin inhi- 
fom the Center for Heart Failure Research, Division of Cardiology, bition in patients with CHF have not been evaluated. In 
‘+ Department of Medicine, Mount Sinai School of Medicine, The City the present study, we sought to examine the hemody- 
e of New York, New York, New York. This study was sup- namic effects of renin inhibition in chronic CHF by us- 


» ported in part by Grants RO1-HL-25055 and KO4-HL-01 229 from the . 
ational Heart, Lung, and Blood Institute, Bethesda, Maryland, and ing enalkiren (A- 64662), a primate selective, dipe: ptide 


grant from Abbott Laboratories, Abbott Park, Illinois. Dr. Packer T enin inhibitor, which has been shown to suppress pla 
recipient of a Research Career Development Award from the ma renin activity and to decrease blood. aay in bo 
institutes: of Health, Bethesda, Maryland. Ma aoe and man.!?- L | 

7 ised ript received a: oe ae 


| | ctivation of the: renin-angiotensin system. hast be 
s efforts to block the Tenin-angiotensin « sys- 
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d idiopathic dilated Peden’ in 5 pa- 
. The left ventricular ejection fraction (measured 
adionuclide ventriculography) ranged from 0.12 to 

39 (mean 0.22). All patients had dyspnea or fatigue, 

sth, at rest or on minimal exertion despite treatment 
digoxin (0.125 to 0.25 mg/day) and furosemide 

to 320 mg/day), but were clinically stable at the 

-of evaluation. No patient had had an acute myo- 

ial infarction within 2 months. All patients gave 
itten, informed consent to participate in the study, 
ich was approved by the institutional review board of 

Mount Sinai School of Medicine. 

‘or 25 days before the study, all patients main- 
ned a salt-restricted diet and were treated with con- 
int doses of digoxin and diuretics, but no vasodilator 
ugs. No patient had received a converting enzyme in- 
bitor, 8-blocking drug or calcium channel blocker 
thin the preceding 2 weeks. Right-sided cardiac cath- 
erization and arterial cannulation were performed in 
| patients for the measurement of intracardiac and 
stemic pressures, respectively, using procedures that 

have been described previously.!® All hemodynamic de- 
terminations were made the next morning (18 to 24 
hours after right-sided cardiac catheterization) to allow 
for the dissipation of hemodynamic changes related to 
-intravascular instrumentation. $ 
=- After the usual morning doses of digoxin and diuret- 
-ics were withheld, mean arterial pressure, heart rate, 
-mean pulmonary artery pressure, left ventricular filling 
< pressure, mean right atrial pressure and thermodilution 
-cardiac output were measured repeatedly (with a varia- 
tion <10%) to ensure stability of the hemodynamic 
state before drug administration. Left ventricular filling 
pressure was estimated by the mean pulmonary capil- 
lary wedge pressure or as the pulmonary artery diastolic 
pressure after its identity with the wedge pressure was 
established. Patients then received incremental doses 
(0.003, 0.01, 0.03, 0.1, 0.3 and 1.0 mg/kg) of enalkiren 
intravenously; each dose was administered as a bolus 
and was separated from the preceding dose by 45 min- 
~ utes. All hemodynamic measurements were repeated 15 
to 30 minutes after the 1.0 mg/kg dose of enalkiren. 
= Blood was collected for the measurement of plasma 
“renin activity (by radioimmunoassay)!? 5 minutes be- 
- fore the first dose of enalkiren and 10 minutes after the 
1.0 mg/kg dose of the renin inhibitor. All blood samples 
were collected after patients had been supine for 24 
hours. 
Data analysis: Derived hemodynamic variables were 
calculated as follows: cardiac index = cardiac output/ 
body surface area (liter/min/m’); one volume index 
= cardiac index/ heart rate (ml/m?); systemic vascular 
resistance = 80 X (mean arterial pressure — mean right 
arterial pressure)/cardiac output (dynes-scm7*); and 
pulmonary vascular resistance = 80 X (mean pulmo- 
lary artery pressure ~ left ventricular filling pressure) / 
rdiac output. (dyr esscm™*), 

























Hemodynamic c variables Sa o ger en yr ere shown t oe 
with pr att 


mean n Mandard error of t the meat: 


RESULTS 


ness or lightheadedness. 


Values for plasma renin activity were 8. 4+ 2.8 ng/ - E 
mi/hour 5 minutes before enalkiren and fell to below 
the limit of detection (<0.2 ng/ml/hour) 10 minutes 


after the administration of the 1.0 mg/kg dose of the 


renin inhibitor. (These measurements of plasma renin 


activity after enalkiren should be viewed with caution, 


because the conventional radioimmunoassay for the 


measurement of plasma renin activity may no longer be 
valid in the presence of a renin inhibitor.!%) 





All 9 patients completed the study. Three patients ats 
reported transient flushing, but none experienced dizzi- a 


Fifteen to 30 minutes after enalkiren (1.0 mg/kg), 7 
cardiac and stroke volume indexes increased by 17 and 


32%, respectively, and mean arterial, left ventricular 
filling and mean right atrial pressures decreased by 13, — 


20 and 16%, respectively. Systemic vascular resistance 
decreased from 2,199 + 594 to 1,339 + 230 dynes- 


scm~$ (39%) and pulmonary vascular resistance de- — 
creased from 361 + 59 to 249 + 30 dynesscm™> = 


(31%). Heart rate decreased from 78 + 5 to 72 +6 


beats/min. All hemodynamic changes were significant 


(p <0.05 to 0.01) (Table I). 
DISCUSSION 


This report describes the first study to investigate oe 


the effeets of renin inhibition in patients with CHF. En- — 


alkiren, a primate-specific, dipeptide renin inhibitor, 


produced hemodynamic changes that might be expected - 
to accompany the suppression of angiotensin II forma- - 
tion. Cardiac and stroke volume indexes increased, and 
right and left ventricular filling pressures, heart rate, = 
and systemic and pulmonary vascular resistances de- 


creased. The circulatory responses to renin inhibition — | 
were qualitatively similar to those that have been ree- _ 


ported after converting enzyme inhibition with capto- 
pril, enalapril and lisinopril*°-2* and angiotensin II re- 
ceptor blockade with saralasin.’ The finding that hemo- 


dynamic improvement follows interference with the 
renin-angiotensin system at 3 different sites provides >- 
compelling evidence for an important role of this hor- 
monal system in mediating the cardiovascular abnor- 


malities of chronic CHF. 
The development of enalkiren and other new renin 


inhibiters represents the culmination of many years of 


effort directed at discovering a means by which the ac- 
tivity cf renin could be inhibited in the clinical setting. 
Early candidates in this field included phospholipids,” 
bacterial fermentation products such as pepstatin, 24 
peptides related to the renin prosegment*> and specific 
renin antibodies.” These approaches, however, were 
limited by poor solubility, lack of specificity and immu- 


nologie toxicity. Subsequently, analogs of the amino 7 


acid sequence around the cleavage site of angiotensin- 
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“potency. Recently, more potent analogs: have been de- 
_ veloped by replacing the dipeptide that contains the 
- scissile bond of angiotensinogen with structures that re- 
-semble its configuration after activation for cleavage by 
—renin.'©!! This approach has resulted in a variety of 
- novel compounds, of which enalkiren is 1 of a series of 
newly synthesized agents with a long duration of action. 
In both sodium-deplete and sodium-replete monkeys, 
~ enalkiren produces dose-dependent, short- and long- 
term decreases in blood pressure, which are accompa- 
_nied by the near total inhibition of plasma renin activi- 
_ty.!415 The drug has also been shown to reduce plasma 
2 activity, angiotensin II and aldosterone in both 
ial and. hypertensive volunteers and can decrease 
blood pressure in the clinical setting.!3!6!727 Our find- 
-ings extend the favorable actions of enalkiren that have 
< been reported in patients with hypertension to patients 
_with chronic CHF. 













Our. patients with CHF showed consistent hhemody- 
omie. responses to enalkiren, whereas. (despite similar | 


inhibitory effects on the renin-angiotensin system) the 
- hypotensive effects of the drug in normal volunteers and 
hypertensive patients have been variable.!3.!627 Dela- 

- bays!3 and Bursztyn?” and their co-workers observed no 
consistent decrease in blood pressure in normal and hy- 
tensive subjects, despite important decreases in plas- 
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enalkiren (0. 03 mg/ kg) were effective in reducing blood 
pressure in patients treated with a diuretic, but much 


y mo aD ea anetra u and i al- 


if- diuretic than in those not. treated with-a-diure 
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only 0.1 mg J kg, whereas we and Anderson et al aiea 
istered doses that were 10 times larger (1.0 mg/kg). 
Other data, however, fail to support the hypothesis that- 
the dose of enalkiren is an important factor: Bursztyn et 

al?’ noted inconsistent antihypertensive effects even af- — 
ter a 1.0 mg/kg dose of enalkiren, whereas Weber et- 

al?” observed a decrease in blood pressure with only 0.1 
mg/kg. 

A more likely. explanation for the different hemody- 
namic effects seen in published reports can be found by 
examining the sodium balance of the study patients... 
The 2 trials that showed little circulatory response to 
enalkiren evaluated subjects who were maintaining a 
normal sodium diet and were not taking diuretics!3’, 
the average plasma renin activity in these subjects was 
<1.0 ng/ml/hour. In contrast, the 2 studies!®!7 (in ad- 
dition to the current report) that showed an important 
hemodynamic effect of enalkiren enrolled patients who 
were sodium-restricted, or taking diuretics, or both; the 
plasma renin acti ivity was markedly elevated, exceeding 
20 ng/ml/hour i in some patients. The observations of 
Anderson et al'6 provide strong support for the impor- 
tance of sodium balance. In this study,'° low doses of 







larger doses (0.3 mg/ kg) were needed to exert an anti- 
hypertensive effect in patients receiving no diuretic ther- 
apy. At any given dose, the hypotensive response to en- 
alkiren was 2 to 3 times greater in patients receiving 































































i | nei 
agonists it sironie CHF show a ae de- 
on: sodium balance,?28 presumably because 
itake and excretion are major determinants of 
ivity of the renin-angiotensin system. 

hough our data suggest that the effects of renin 
on in chronic CHF are qualitatively similar to 
means of interfering with the renin-angiotensin 
the current study was not designed to determine 
ffects of renin inhibition and converting enzyme 
tion are quantitatively similar. The changes in left 
tricular filling pressure that we noted during treat- 
nt with enalkiren appeared to be somewhat smaller 
n those reported with captopril, but they are simi- 
to those observed with enalapril and lisinopril??? 
yme investigators, however, do not believe that these 2 
ays of interfering with the renin-angiotensin system 
produce similar hemodynamic effects. Blaine et al” 
ted that renin. inhibition produced no additional he- 
| nic effects in sodium-deplete dogs pretreated 
ith enalaprilat, | but enalaprilat produced hemodynam- 
‘effects in dogs who were pretreated with a renin in- 
bitor. These investigators concluded that converting 
zyme inhibitors exert hemodynamic effects unrelated 
their interference with the renin-angiotensin system, 
rhaps as a result of their inhibitory effect on kinin 
degradation. Yet, other comparative studies indicate 
that renin and converting enzyme inhibition exert simi- 
lar hemodynamic actions," 78 and at least one report sug- 
gests that renin inhibitors exert circulatory effects that 
may be additive to those of converting enzyme inhibi- 
tors.2° Given these discordant observations, the contro- 
versy surrounding the relative efficacy of renin and con- 
verting enzyme inhibition in patients with chronic CHF 
will only be resolved by a direct comparative study. 
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- <0.05). Plasma renin decreased with buci: 









































Effects of Bucindolol on Neurohormonal 
Activation in Congestive Heart Failure 
Eric J. Eichhorn, MD, A. lain McGhie, MD, John B. Bedotto, MD, James R. Corbett, MD, 


Craig R. Malloy, MD, Barbara A. Hatfield, RN, David Deitchman, PhD, 
— John E. Willard, MD, and Paul A. Grayburn, MD 


atte irenergic blo k FAP 
neurohormona activation i in patients with conges- 
tive ‘heart failure, 15 men had assessments of he- 
modynamics and supine peripheral renin , 
ephrine levels before and after 3 months of oral 





i At baseline, plasma rai acti vity did m 





- relate with any hemodynamic parameter. | However, 
norepinephrine levels had a weak correlation with 


-. feft ventricular end-diastolic pressure (r = 0.74, p 


= <0.01), stroke volume index {r = 0.61, p a 
. and pulmonary vascular resistance (r = 0.5 





therapy, from 11.6 + 13.4 to 4.3 + 4.1 ng/mi/hou 
i (mean + standard deviation; p <0.05), whereas 

i unchanged, from 403 
£231 to 408 + 217 pg/ml. A wid 

inephirine so to bucii | 
served with reduction of levels in some patients and 








> diver rsity of the 











rine did not dec rénié: heart rate tended io deii 
(from 82 + 20 vs 73 + 11 min`t, p = 0.059) with 


` Beadrenergic blockade, suggesting neurohormonal 


| antagonism at the receptor wef No — ini- 








> i tory, Despite aaria in plasma renin 
and the presence of 8 blockade, the. response of re- 
nin or norepinephrine levels to long-term bucindolol 








therapy did not predict which patients had im- 
_ proved in hemodynamic status (chi-square = 0.37 
for renin, 0.82 for norepineph 





_- nergic blockade with bucindolol may 
ae hormonal activation in congestive heart failure, 
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but the reduction in plasma renin activity and 
rin > may not predict em dynamic im- — : 





provement. 
(Am J Cardiol 1991;67:67-73) 


ongestive heart failure (CHF) is a disorder that 
produces reflex adrenergic stimulation as man- 
ifested by increased central sympathetic out- - 

flow,! elevation of plasma norepinephrine, depletion. i; 
of myocardial catecholamines, and abnormalities in- 
myocardial adrenergic norepinephrine uptake and re- 
lease.*^7 In the failing human heart, coronary sinus nor- 
epinephrine exceeds arterial levels,’ suggesting net nor- ` 
epinephrine release by the heart. The primary defect in — 
norepinephrine equilibrium appears to be decreased car- 
diac neuronal uptake per unit of interstitial space. Be- . 
cause myocardial adrenergic norepinephrine uptake is 
decreased, norepinephrine spillover increases and aug- — 
ments sympathetic drive, despite the fact that myocar- 
dial tissue levels are decreased. In addition to activation 
of the sympathetic nervous system, the renin-angiote 
sin system is activated in CHF.” Elevations of both pl: 
ma norepinephrine? and plasma renin activity?® have 
been suggested to be prognostically unfavorable, inde- 
pendent of ventricular function in patients with CH 
Despite the beneficial effects of angiotensin-convert- 
ing enzyme inhibitors,?!° plasma norepinephrine levels 
tend to continue to increase over time,!! suggesting that — 
reflex sympathetic activity is not attenuated long term 
by the hemodynamic improvement associated with these 
agents. Recently, other neurohormonal antagonists, B- 
adrenergic blockers, have been used for the treatment of — 
CHF, with several small studies suggesting that chronic — 
administration of 8 blockade may reduce mortality!?!> 
and more recent studies indicating that -adrenergic — 
blockade improves ejection fraction, stroke work, end- 
systolic elastance and myocardial relaxation.'*+!> How- 
ever, what effect B-adrenergic blockade has on neuro- 
hormonal activation in CHF is unclear. We therefore 
examined the effect of the 6-adrenergic blocker, bucin- 
dolol,'4!> on epee renin enh and norepinephrite 














i chanisris, na ve its aoe will efit the 
t f adrenergic uptake of norepinephrine. Our hy- 
d thesis was that 6-adrenergic blockade with bucindolol 
ould reduce neurohormonal activation by improving 
: hemodynamics and antagonizing renin and norepineph- 
-rine release. 


-_METHODS 
Patient group and study design: This study was 
one in conjunction with a comprehensive hemodynam- 
-evaluation of the effects of bucindolol on left ventric- 
lar function in chronic CHF.'* Fifteen men aged 32 to 
2 years (mean + standard deviation 50 + 11) with 
{ew York Heart Association class I to IV CHF and a 
ft ventricular ejection fraction <0.45 were studied be- 
ore and after 3 months of chronic bucindolol therapy. 
jucindolol was titrated weekly at the following doses: 
2.5, 25, 50, 75 and 100 mg twice daily. Twelve patients 
ad idiopathic dilated cardiomyopathy, and 3 had sig- 
nificant coronary artery disease to account for their left 
-ventricular dysfunction, although none had evidence of 
‘a myocardial infarct within the preceding 2 months. 
ourteen of the patients were taking angiotensin-con- 
-verting enzyme inhibitors during the trial. No patient 
chad a change in angiotensin-converting enzyme inhibi- 
_ tor dosage during the trial period or for 2 months before 
<` entering the trial. All medications remained constant 
= during the study period except for diuretic drugs, which 
-~ were altered as clinically indicated. Each patient gave 
= written informed consent, and the protocol was ap- 
=. proved by the Human Studies Subcommittee of the 
© Dallas Veterans Administration and University of Tex- 
= ‘as Southwestern Medical Centers in December, 1987. 

. Plasma catecholamines and renin samples were ob- 
= tained at baseline and after 3 months of bucindolol ther- 
© apy. Plasma norepinephrine levels and MIBG scans 
were performed nearly simultaneously in a fasting state, 
< within 10 days of cardiac catheterization. Plasma cate- 
_. cholamine samples were obtained after the patient re- 
=< mained in a supine position for 30 to 40 minutes 
through a heparin lock placed at the start of the rest 
period. The blood was immediately immersed in ice and 
sntrifuged for 20 minutes at 2 to 4°C at 1,000 + 100 
. Analysis was done by Smith, Kline, Bio-Science Lab- 
ratories (Van Nuys, California) using high-pressure 
quid chromatography with electrochemical detection.'® 
lasma renin was obtained during an overnight supine 
= -state the morning of cardiac catheterization and placed 
- on ice. Analysis was performed using a standard radio- 
= immunoassay. 

= MIBG scintigraphy: MIBG radiopharmaceutical 
: -preparation was performed as previously outlined. !6 Lu- 
¿= gol’s solution, 1 ml, was given by mouth 30 to 60 min- 
utes before MIBG injection. The patients were injected 
_ intravenously with 8 to 10 mCi of I-123 MIBG while in 
an upright position. Imaging was performed at 4 hours 
after injection. All i imaging was performed using a dedi- 
cated 3-detector imaging system (PRISM 3000, Ohio 
_— Imagi ng, B Bedford Heights, Ohio). MIBG p 












rojection im- 












60° : bits 2 and v were recorded at a dipal 


ibility of the norepine 


for 20 seconds each at 3-degree in- 
) _ made by Smith. Kline 


vided by dual 20% windows centered over the 30 an | 
167 keV photopeaks of thallium-201 and a 15% window 
centered over the 159 keV photopeak of E123, 00 
MIBG image analysis: Transaxial tomographic sec- 
tions from the I-123 MIBG images, including the entire 
cardiac volume, were reconstructed by filtered back- 
projection of the projection images acquired over the 
180° anterolateral arc from the 45° right to 45° left 
anterior oblique position. The filter used during recon- 
struction was the product of a ramp and a Kaiser-Bes- 
sell filter (order of 5.0). Corresponding vertical long- E 
and short-axis sections were selected from the recon- © 
structed volumes. Representative vertical long-axis and 
apical, midventricular and basal short-axis sections of 
the left ventricle were selected for analysis of segmental 
I-123 MIBG activity. l 
I-123 MIBG tomograms were analyzed quantita- 
tively ir the following manner: Segmental regions of in- 
terest were placed over the most homogenous region of , 
myocardial uptake as determined by 1 observer (AIM). 
A region was not selected if cardiac activity was either 
contaminated by or not separated from surrounding _ 
lung or liver activity. The method of region of interest- 
determination was simple and easily reproducible. The 
average counts per voxel (counts/voxel) were corrected © 
for millicurie injected dose and decay. The counts were 
assessed in a 2 X 2 pixel region from the center of the ~- 
segment. This same segment was used for repeat analy- — 
sis after -blocker therapy. 7 
Hemodynamic assessment: Patients underwent car- 
diac catheterization just before initiating therapy and 
after 3 months of bucindolol. Ten minutes after initia- 
tion of atrial pacing at 15 beats/min above the intrinsic < 
heart rate, left ventricular function was assessed by digi- none 
tal ventriculography interfaced with simultaneous mi- _ 
cromarometer pressure measurements. Intravenous ni- - 
troprusside was then administered to decrease blood 
pressure by 10 to 15% and repeated digital ventriculog- =- 
raphy was performed at multiple loading conditions. 
Left ventricular volumes were determined by a standard 
angiographic area-length method.’* End-diastole ap- _ 
plied to the largest ventricular volume (near the peak of 
the R wave) and end systole was taken as the smallest __ 
volume in each cardiac cycle. End-systolic elastance, a 
relatively load-independent index of contractility, was 
determined from analysis of left ventricular pressure- 
volume loops as previously described.'!4 When patients 
returned to the catheterization laboratory after 3 
months of therapy, the same procedure was used with 
care to match the original atrially paced heart rate used 
in the baseline study. 
Reproducibility: Reproducibility of the plasma renin 
activity measurements were obtained by comparison of 
a known commercially available standard to 11 repeat- 
ed-assay measurements in our laboratory. The standard 
activity was 4.1 + 1.0 vs 3.8 + 0.8 ng/mli/hour mea- 
sured by our laboratory (difference not significant for — 
repeated-measures analysis of variance). The reproduc- 
reasurem ents has been 
ence | ay iva oe 








































uys, California) ah a E of variation 
of $ 10%. 
-` Statistical analysis: Renin and norepinephrine val- 
ues and mean MIBG counts per voxel before and after 
-> bucindolol were compared by paired Student’s ¢ test. 
<. Hemodynamic and neurohormonal variables at baseline 
were compared by linear and second-order polynomial 
regression. A p value <0.05 was considered significant. 
< -AJ results are expressed as mean + 1 standard devi- 
; ation unless otherwise stated. 


ESULTS 

“Hemodynamic and functional changes with bucin- 
fol: All patients tolerated the titration of bucindolol 
ell. Only 3 patients, 2 of whom had ejection fractions 
of <0.10, were unable to = the maximal dose. of 


` oa E ak G, 












a were. given 75 mg twice daily. Two ‘of the patients 
-had their diuretic dosage increased nominally during 
2 the: 3-month trial period (from 80 to 120 mg orally 
= twice daily). 
© The hemodynamic results of this trial have been pre- 
viously published.!4 To summarize briefly, 7 of the 15 
_ patients had functional class III or IV CHF at entry. 
_ There was an improvement in New York Heart Associ- 
ation functional class from 2.5 + 0.8 to 1.8 + 0.6 with 
B-adrenergic blocker therapy (Figure 1). 
HEMODYNAMICS BEFORE PACING: Heart rates were 
mildly reduced with bucindolol therapy, but this did not 
reach statistical significance (82 + 20 vs 73 + 11 
-min7!, p = 0.059). Both peak systolic pressures (109 + 
17 to 120 + 26 mm Hg, p = 0.023), and aortic end- 
- -systolic (dicrotic notch) pressures (90 + 12 to 98 + 18 
_ mm Hg, p = 0.049) increased with therapy. Left ven- 
-tricular end-diastolic pressures. decreased from 19 + 8 
-to 15 + 5 mm Hg (p = 0.021). Cardiac output in- 
creased from 5.0 + 1.5 to 5.8 + 1.6 liters/min (p = 
0.004) but systemic vascular resistance did not change 
- (1,318 + 406 to 1,183 + 290 dynes-s-cm™>, p= 0. 17). 
"HEMODYNAMICS: WITH ATRIAL PACING: There was a sig- 
ficant increase in left ventricular ejection fractions 
: from 0.23 + 0.12 to 0.29 + 0.14 (p = 0.0071). This 
: “increase was due to a decrease in left ventricular end- 
- systolic volumes from 100 + 51 to 84 + 51 ml/m? (p = 
_ 0.0047). The decrease in left ventricular end-systolic 
> volumes and increase in ejection fractions occurred de- 
spite a decrease in left ventricular end-diastolic pres- 
sures and volumes (preload), and an increase in aortic 
end-systolic pressures (afterload). There was also a sig- 
_ nificant increase in end-systolic elastance from 0.60 + 
- 0.40 to 1.11 + 0.45 mm Hg/ml (p <0.005). Thus, fill- 
ing pressures decreased, while consartillty and func- 
: tional. class improved. 
oh Correlation of baseline neurohumoral state and he- 
_modynamics: Technically adequate supine plasma renin 
- pee assays were obtained in 12 of the 15 patients 
-> and plasma norepinephrine was assessed in 11 of 15. 


















systolic elastance, ahi aa ee aystennie'v s 
resistances. Whereas baseline. norepinephrine le rels 
not correlate with baseline systemic vascular resistance 
end-systolic elastance and left ventricular ejection fra 
tion, there were weak correlations with left ventricula 
end-diastolic pressure (r = 0.74, r? = 0.55, p <0.01) 
stroke volume index (r = 0.61, r? = 0.37, p <0.02) 
cardiac output (r = 0.55, r? = 0.3, p = 0.08) and. pal. 
monary vascular resistance (r = 0.54, r? = 0.29, | 
<0.05) (Figure 2). 

Effects of bucindolol on plasma renin activity and 
plasma norepinephrine: Plasma renin decreased wit! 
bucindolol therapy from 11.6 + 13.4 to 4.3 + 4.1 ng 
ml/hour (p = 0.044) (Figure 3). Plasma norepinephrin 
was unchanged from 403 + 231 to 408 + 217 (p= 
0.95) with 8 blockade with bucindolol (Figure 3). / 
wide diversity of response to bucindolol was observed 
with reduction of norepinephrine levels in some patient 
and elevation in others. We arbitrarily defined i improve 
ment as 2 of the following 3 criteria: (1) an increase i 
end-systolic elastance of >0.2 mm Hg/ml, (2) an in 
crease in left ventricular ejection fraction 20.05, an 
(3) an improvement in New York Heart Associatior 
functional class. The response of renin or norepineph 
rine levels to chronic bucindolol therapy did not predic 
which patients improved hemodynamically and func 
tionally (chi-square = 0.37 for renin, 0.82 for norepi- 
nephrine). Thus, there was no correlation between mod- - 
ulation of norepinephrine or renin by bucindolol and he 
modynamic improvement. 

MIBG scintigraphy: Regional MIBG uptake was. 
unchanged (from 56.6 + 21.7 to 54.7 + 23.2 counts» 
per voxel, difference not significant) after bucindolol - 
therapy. E 
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ne. Pom renin activity did not correlate with oo 
















dolol reduces plasma renin activity in patients 
"HF while plasma catecholamines and MIBG up- 
ot affected. One previous study suggested that 
inistration of a 8 blocker with intrinsic sympatho- 
imetic activity acutely lowers plasma renin activity.!’ 
ever, in this previous acute intervention study, plas- 


sed in 8 of the 10 patients who tolerated therapy, 
increased severely in 2 patients who decompensated 
6-blocker administration. Thus, for the 10 patients 
lled i in this earlier study, the overall mean plasma 
1 activity increased with 8 blockade. Thus, our 
idy is the first demonstration that long-term B-adre- 
e blockade reduces plasma renin activity in CHF. 
dditionally, we observed weak correlations between 
baseline left ventricular end-diastolic pressure, stroke 
lume index, cardiac output, pulmonary vascular resis- 
nce and baseline plasma norepinephrine, suggesting a 
ssible relation between hemodynamic decompensation 

da Phi as state with elevation of es norepi- 

















y = -78.76x + 780.13: 
r=6.55 
p = 0.08 


smonstrates ae i Badrenergie blockäde 


renin activity - was very low at baseline and de- 


hemodynamic improvement is not surprising, Because 










lease from the rat eset apparatus, ©) 
would be expected to reduce renin release.'* All b 
these patients had pretreatment with an angio 






















ade. Although converting ¢ enzyme inhibitors ire 
to increase plasma renin Sa the pasel j 












activation of the rehin Anin pe dain i 

vous system has previously been Sawin be r ‘nonun 

form in patients with CHF,” the reason for a lack of 

hyperreninemia in some patients taking converting on 

zyme inhibitors is not clear. | 
The lack of correlation of ‘plasma renin activity and 










14 of 15 patients were taking angiotensin-converting en- — ; 
zyme inhibitors at the time of study, a correlation of |. 
renin activity with hemodynamic improvement may 
have been masked. Had the renin-angiotensin system 
not been blocked “downstream” before initiation of 8 
blockade, a correlation might have been evident. Alter- 
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mod ynamic improvement may indicate that S-adre- 
_-nergic blockers improve left ventricular function by 
-mechanisms other than attenuation or blockade of neu- 
i -Tohormonal activation. 

-> The importance of reducing renin in the face of 


2 : downstream angiotensin-converting enzyme inhibition 


_ has been questioned. However, recent evidence has sug- 
gested alternative enzyme systems that convert angio- 


_tensin I to angiotensin II.?! Thus, even in the presence 
of an angiotensin-converting enzyme inhibitor, alternate : 
imal studies have shown that angiotensin-converting er 
zyme inhibitors not only antagonize the renin-angioter 
‘sin system, but also may resensitize the cardiac 6-adre 


- pathways may permit the formation of angiotensin II 
~ and aldosterone, thus maintaining some adverse neuro- 
> hormonal activation. “Upstream” blockade of renin re- 
-lease may provide more complete deactivation of this 
< pathway. In addition, because not all patients will toler- 


ate treatment with an- angiotensin-converting enzyme. 


o inhibitor because of its hypotensive properties, the addi- 
: ‘tion, of a B-adrenergic blocker will significantly reduce 
activation of the renin-angiotensin system. 

a Effects on the sympathetic nervous system and 
< plasma norepinephrine: Despite hemodynamic and 
3 functional improvement in these patients, no uniform 
> reduction was seen in plasma norepinephrine. The rea- 
< son for this unexpected finding i is unclear, especially as 
~ others have shown reductions in plasma norepinephrine 
_ concentration and an increase in norepinephrine clear- 
-ance as ventricular performance improves. 22.23 How- 






ever, like these previous investigators, we found an. 


inverse correlation between baseline plasma norepineph- 
rine concentrations and cardiac output (Figure 2). Pre- 


vious investigators have seen no change in plasma nor- — 


epinephrine with the acute administration of pindolol in 
_ patients with heart failure.!’ However, lack of change in 
ae norepinephrine acutely is not surprising since the ad- 
- ministration of B-adrenergic blockers may require sever- 


al weeks to improve hemodynamics. Additionally, be- 
_ cause plasma norepinephrine correlated weakly with left 


7 _ ventricular end-diastolic pressure, it may fluctuate with 
heart failure compensation and loading conditions of the 
rt and not directly represent inotropic and lusitropic 









~~ tained on the day of MIBG scintigraphy and not on the 
. same day as cardiac catheterization, changes i in ventric- 





< ular compensation and filling pressures (which may 


- simply reflect salt intake) may have altered plasma nor- 
_ =- epinephrine, even in the presence of improved contrac- 
-> tility and relaxation by 8 blockers. 










` -suggests a lack of change in adrenergic norepinephrine 
uptake. The major defect in myocardial norepinephrine 
== kinetics is decreased adrenergic uptake resulting in net 

















eh er) MIBG uptake to increase if such an adrenergic de- 
< feet: was corrected with therapy. However, no such 
hange was seen. Because plasma norepinephrine levels 





: could. aot account fi 





: y, the failure of aa renin , response to predict 


upregulate 6 receptors. 25. Angiotensin II-is known to 


ction. Since the norepinephrine samples were ob- 


Unchanged MIBG uptake after 6-blocker therapy 
~ myocardial depletion of norepinephrine.6 We would ex- — 


id ot change, increased competitive uptake by norepi- (i 0p pi nel). However, there was no net effect on p 
a lack of aei in SPeparine (MOITO pene). A CVET OF ee 





ment with bucindolol. 1S The r reason. for the di screpa 
between this previous study and ours remains 1 
but may be due to a difference in ventricular comp nse 
tion at the time of study, especially during the. ini ti 
study. In addition, the norepinephrine samples were ol 
tained during cardiac catheterization in the study b 
Gilbert et al.!5 The anxiety and pain induced by cath 
terization may have played some role in their res 
More extensive studies are needed to define the effect? i 
8 blockade on sympathetic activity. 7 

Crossover | ral antagonism: Previous an 







































nergic receptor-adenylate cyclase system” and ma 


at the presynaptic terminal to block neuronal uptake 
norepinephrine” and enhance norepinephrine biosyr 
thesis.*’ Thus, blockade of the renin-angiotensin syste 
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í A Fakai blockade not only pro- 
vides blockade of the B-adrenergic receptors resulting in 
upregulation and sensitization,® but also may inhibit 
he renin-angiotensin system as demonstrated by our 
lata. Thus, these 2 neurohormonal systems may be an- 
tagonized by both -adrenergic blockers and angioten- 
in-converting enzyme inhibitors. Moreover, our data 
uggest there may be a synergistic effect of these 2 
igents working together that is superior to either agent 

jne. Since all but 1 patient were taking long-term con- 
erting enzyme inhibitors before entry into this study, 
d because most of these patients improved hemody- 

1amically with the addition of bucindolol, one can infer 
tional benefit from 6-adrenergic blockers, Since al- 
ate pathways for renin-angiotensin activation have 
en suggested in the presence of converting enzyme in- 
dition,”! the incremental improvement seen with the 
tion of a 8 antagonist may in part reflect more 
iplete deactivation of the renin-angiotensin system, 
though a direct correlation was not observed. 
“Study limitations: Although the plasma catechol- 
imine and plasma renin activities were, on the whole, 
‘not severely elevated, more significant changes may 
have been seen in patients with more neurohormonal 
ctivation at baseline. Furthermore, all samples were 
ybtained from peripheral veins rather than from a 
mixed venous site. Thus, there may be some variation in 
solute levels from what would have been seen had we 
tained samples from the pulmonary artery. However, 
ative changes in renin and norepinephrine should not 
‘influenced greatly by this. Furthermore, local recep- 
tor site concentrations of renin may not necessarily be 
reflected in the circulating plasma levels.** 
< Previous studies have shown a correlation between 








-sympathetic nerve activity and plasma norepinephrine 
-Jevels.! We therefore assumed that plasma norepineph- 


rine levels delineated the status of the sympathetic ner- 

vous system. However, in the presence of 8-adrenergic 
= blockade and angictensin H inhibition, this may be a 
< poor reflection of the synaptic norepinephrine present. 
= and almost certainly is nonrepresentative of the second 
<= messenger stimulation (i.e., effective norepinephrine 
< stimulation). 
~~ Caution must be applied to interpretation of the data 
-relating baseline norepinephrine to hemodynamic pa- 
“rameters (left ventricular end-diastolic pressure, stroke 
volume, pulmonary vascular resistance and cardiac out- 
put). These correlations are weak and the measure- 
‘ments were not made simultaneously. In addition, as 
multiple regressions were examined, a type II error 
could be present. However, previous studies have found 
correlations between pulmonary wedge pressure and 
-sympathetic nerve traffic! and between baseline plasma 
“norepinephrine levels and ejection fraction.” Thus, 
these observations are not inconsistent with previ- 
us data. Additionally, nonlinear correlations between 
-st oke volume i et and ete vascular resistance 
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standard toe was not included in this E How- y 


ever, previous longitudinal studies have shown an in 
crease in both plasma catecholamines and plasma renin _ 
activity over time.'! Thus, an intervention that reduces 


plasma renin activity, especially in the face of chronic 


angiotensin-converting enzyme inhibition (which tends — | 


to raise plasma renin activity), must be considered ef- _ 
ficacious. Because no other intervention aside from b-  - 
adrenergic blockade was performed during the 3-month 
trial period, and because all other medications were un- 
changed for 22 months before study initiation, bucin- 
dolol must be considered an effective agent for reducing | 
plasma renin activity. In addition, because supine plas- | 
ma renin was obtained early in the morning (at approxi- 
mately the same time of day) on the day of catheteriza- 
tion in each patient, circadian variability cannot ac- 
count for changes in renin activity. 

Increases in MIBG uptake could have been offset by 
decreases in adrenergic nerve numbers. Cardiomyo- 
pathic hearts have previously been shown to contain de- — 


creased numbers of neurons compared with normal | 


hearts.” Thus, any further reduction in neuronal num- ~ 
bers might have offset any increase in MIBG uptake to __ 
result in a net lack of change in scintigraphic counts. _ 

The results from our study cannot necessarily be ex- 
trapolated to all 6 blockers because they differ in their i _ 
agonist and antagonist adrenergic properties. Sodas 
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i ironovenwter mitral commissurotomy = 
AC). Before PTMC, ANP levels increased trom 
17 + 70 to 183 + 96 pg/ml during exercise test- 
n gip <0.01), concomitant with the increment in 
mean transmitral pressure gradient, heart rate and 
systolic blood pressure. After PTMC, ANP levels 
also increased from 78 + 43 to 117 i 64 pg/ml, 

: it with the increment of those parame- 
ters. However, increments of ANP, mean transmi- 
tral pressure gradient and heart rate after PTMC 
< were lower than those before PTMC. Because the 
_ most important factor influencing the secretion of 
-ANP was unclear, the differences between these 
< parameters were calculated at submaximal exer- 

-- cise before and after PTMC. There was a signifi- 
-eant relation only between the change in ANP and 

: mean transmitral pressure gradient (r = 0.70, p 

= <0.01). ‘These results suggest that the most impor- 
tant factor influencing the secretion of ANP during 
-exercise is the change in transmitral pressure gra- 
< dient in patients with mitral stenosis. 

a: | (Am J Cardiol 1991;67:74-—78) 
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-~ Commissurotomy on Levels of Plasma A trial | 
N atriuretic Peptide During Exercise © 
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clarity the factors that influenced the secretion 














"in the Remaining: 1 patic 


was mainly influenced by hemodynamic changes, — 


S ecretion of human atrial natriuretic peptide (ANP) 


such as atrial pressure, atrial stretch or atrial pac- 
ing.'? We reported that plasma ANP levels decreased 
immediately after percutaneous transvenous mitral- 


commissurotomy (PTMC) concomitant with the rapid 
decrease in left atrial pressure in patients with mitral 
stenosis.’ A good correlation was noted between the 
decrements of ANP and those of left atrial pressure. 


Many reports showed that exercise stress also stimulat- oa 
ed the secretion of ANP concomitant- with the incre- 


ment of pulmonary artery wedge pressure, heart rate, __ 


systemic blood pressure, cardiac output, neurohumoral E 
factors, and so forth.+* Heart rate, systolic blood pres- 
sure and left atrial pressure might i increase significantly 
during exercise stress testing in patients with mitral ste- ~~ 
nosis. However, the most important factor among these — 


factors could not be clarified. Because there was no. def- 


inite report about the dominant factor influencing the. a 
secretion of ANP during exercise, this study was con- 
ducted to determine the factor most affecting ANP se- ee 





cretion during exercise stress testing in patients with mi- $ 


tral stenosis. 


METHODS 

Patients: Sixteen patients (9 men and 7 women, age 
range 35 to 66 years [average 50]) with symptomatic 
mitral stenosis were studied. Each patient gave in- 


formed consent. Fifteen patients were in New York 


Heart Association functional class II, and 1 patient in oP 
class HI before PIMC. Eight patients were in sinus. 3 
rhythm, and 8 had atrial fibrillation during study. Med- 
ications, such as diuretics or digitalis, were not changed s 


during this study. 
Percutaneous transvenous mitral commissurotomy: 


All patients underwent PTMC by transseptal approach | 


with the use of the Inoue balloon catheter in the same 
manner as previously described.*7:!° Right- and left-sid- 
ed cardiac pressure and output were measured before 
and after PTMC. Left ventriculography was performed 
before and after PTMC in 15 patients. Severity of mi- 


tra! regurgitation from left ventriculography was graded | 
semiquantitatively from 1+ to 4+. Severity of mitral — 

uated by left ventric- 
pine technique B 


regurgitation that could not be eval 
ulegraphy was decided | by color flov 













































IBLE 1 Clinical and Hemodynamic Data of Patients 






MPG 
MVA (cm) (mm Hg) MR Grade 
Age (yr) a, O 
Rhythm Pre Post Pre Post Pre Post 











1 | l 3 0 
2 50M SR 12 22 23 9 i 
3 47F SR 09 18 4 8 0 
4 SOF SR 12 18 19 3 0 
5 37F SR 06 17 16 65 i 
6 62M SR 17 29 7 D i 
7 44F SR 08 17 9 oQ G 
8 45M SR 10 24 7 69 Q 
9 66M AF li 19 5 0 i 
10 35M AF 12 15 1 § | 
11 62F AF 11 18 4 5 Q 
12 62M AF 10 14 3 0 0 
7 0 

3 0 il } 
5 3 i 
7 3 i 


sp <0.01, before versus after PIMC. Cras 
aes ae AR = atrial fibrillation; MPG = mean transrnifral pressure. gradient; MR = mitral 
a a regurgitation: MVA = mitral valve area; SR = = sinus ideal 






Exercise protocol: All patients performed supine bi- 
-cycle exercise 2 days before and 5 days after PTMC. 
- The work load was started at 0 or 25 W and increased 
-in increments of 25 W at 3-minute intervals until the 
patient experienced fatigue or dyspnea. before PTMC. 
The work load after PTMC was the same as that before 
= PTMC. Heart rate and systemic blood pressure were 
measured at rest and at submaximal exercise.!° 
| Measurement of transmitral pressure gradient and 
- mitral valve area: All 16 patients were examined with 
‘Doppler echocardiography during exercise stress testing. 
Doppler echocardiographic data were obtained with an 
Aloka SSD-730 echo-Doppler system equipped with a 
-= 2,0-MHz mechanical transducer and were recorded on 
< a strip-chart recorder at paper speed of 50 mm/s. All 
<- examinations were performed in the supine position. 
Mean transmitral pressure gradient was measured by 
-computer analysis from the mitral inflow velocity pro- 
-file with continuous-wave Doppler.!° Mitral valve area 
-was measured by planimetry from 2-dimensional echo- 
_ cardiography before and after PTMC. A mean of 5 to 
oe 10 measurements was used. . 
< Blood sampling and hormone assays: Blood samples 
` -were obtained from an antecubital vein into the tube 
< -containing an ethylenediamine tetraacetic acid and 
- -aprotinin.'! Blood samples were obtained at rest and at 
-- submaximal exercise. Plasma concentrations of ANP 
-were determined by specific radioimmunoassay after 
© extraction with octadecylsilane cartridges as previously 
a described. |? 
ee ‘Statistical analysis: Data were expressed as mean + 
anda: rd deviation. A of means Lo continu- 








FIGURE 1. Plots of changes in i lasma | 
len e (ANP), mean transmitral 
(MPG), heart rate (HR) and systolic blood pressure (SBP) 


ing exercise before and after p i 
commissurotomy (PTMC). N.S. = not significant. 


value <0.05 was considered significant. 


RESULTS 

Results of percutaneous transvenous mitral com- 
missurotomy: The mitral valve area, evaluated by 2- 
dimensional echocardiography, increased from 1.1 + 
0.3 to 2.0 + 0.4 cm? after PTMC in all patients (p 
<0.01). Mean transmitral pressure gradient calculated 
by catheterization decreased from 8.4 + 5.3 to 2.8 + 
3.0 mm Hg (p <0.01). Mitral regurgitation increased in 
6 patients after PTMC; however, no patient had severe 
mitral regurgitation greater than grade III after PTMC 
(Table I). 

Changes in atrial natriuretic peptide levels: Plasma 
ANP levels increased from 107 + 70 to 183 + 96 pg/ 
ml (p <0.01) during exercise before PTMC and from 
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ry „betore versus after: PIMC. 
= human atrial natriuretic pi ca paa EX. = submasimal exercise; HR = 
te: MPG. = mean transmitral pressure gradient; PTMC = percutaneous 
nous mitral suy SEP = systolic blood pressure. 
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ay (p <0. 01), and increased from 66 + 12 
min and 116 + 10 mm Hg to 125 + 26 beats/ 
d 150 + 19 mm Hg during exercise after PTMC, 
ively (p <0.01). There was a significant differ- 
tween the increments of heart rate during exer- 
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sane from 6 9 +4to20 +1 mm Hg du ig 
before PTMC (p <0.01), and increased from 4 +. 
11 + 4 mm Hg during exercise after PTMC (p <0.01) 
There was a significant difference among. the incre 
ments of mean transmitral pressure gradient during « èx- 
ercise before (11 + 5 mm Hg) and after (7 + 3mm 
Hg) PTMC (p <0.01) (Table H, Figures t and 2 a 
Regression analysis between the changes in plasms 
atrial natriuretic peptide and those in em no : 
parameters: Before PTMC, there were correlations ae 
among the increments of plasma ANP levels and those. eae 
of mean transmitral pressure gradient or systolic blood 
pressure, respectively (r = 0.46, r = 0.61) (Figure. 3 - 
After PTMC, there were also correlations between the 
incremeats of plasma ANP levels and those of mean- a 
transmitral pressure gradient or systolic blood “pressure, - p 
respectively (r = 0.54, r = 0.49) (Figure 3). However, 
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FIGURE 3. Plots of correla- e T 
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and arcane PTMC. jer a a? R 
rthermore, to clarify the T of e of 
P, we calculated differences between ANP levels at 
bmaximal exercise before and after PTMC. We also 
ulated the differences in mean transmitral pressure 
adient, heart rate and systolic blood pressure. The re- 
sion analysis of these differences were examined. 
lere was a good correlation only between the differ- 
-ence in ANP and that of mean transmitral pressure gra- 
dient (r = 0.70, p <0.05) (Figure 4). There were no 
significant correlations between the difference in ANP 
saad. that of other hemodynamic parameters. 


: DISCUSSION 
`: Many reports have shown that exercise stress testing 
“timuilates the secretion of ANP.** During exercise 
stress testing, several factors, such as heart rate, systolic 
_ blood pressure, atrial pressure, cardiac output and neu- 
-rohumoral factors, changed. Therefore, it was difficult 
to determine the dominant factor influencing the secre- 
-tion of ANP. Nishikimi et al? showed that ANP levels 
were significantly correlated with pulmonary wedge 
„pressure during exercise stress testing; however, the re- 
lation between the changes in ANP and those in heart 
rate or systolic blood pressure were not examined. 

Saito et alt showed that ANP secretion was exagger- 
-ated by the increments of systolic blood pressure in pa- 
tients with essential hypertension. ANP secretion was 
correlated with systolic blood pressure, heart rate and 
plasma norepinephrine or epinephrine concentration in 

normotensive subjects. In their study, atrial pressure 
was not measured, and they suggested that a greater 
increase in atrial pressure resulting from an increase in 
-systolic blood pressure was involved in the exaggerated 
secretion of ANP. Mckay et al!? showed that during 
exercise, left ventricular end-diastolic pressure was min- 
i imally changed. Thus, transmitral pressure gradient ap- 
peared to reflect left atrial pressure during exercise. In 
study, we measured transmitral pressure gradient 
estimated by Doppler echocardiography during exercise 
-stress testing to evaluate left atrial pressure. 

We could not evaluate right atrial pressure; however, 
„the changes i in right atrial pressure may be fewer than 
those in left atrial pressure in patients with mitral steno- 
-sis as shown in the previous report.? In patients with 
-mitral stenosis, left atrial pressie may increase mainly 
_by exercise stress testing. 

An additional advantage of this study was that the 
lation between ANP levels and hemodynamic factors, 
-as transmitral pressure gradient, heart rate and 
stemic blood pressure were evaluated in the same pa- 
s undergoing PTMC, because ANP levels and the 
potential of the exercise-induced ANP secretion may 
vary in individual cases. In the present study, we showed 

tt ANP levels increased concomitant with the incre- 
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transmitral pressure gradient at rest decreased despite ae 
unchanged heart rate and systolic blood pressure com- 
pared with factors before PIMC. These data were simi- 
lar to our previous report? After PTMC, once again 
ANP increased concomitant with the increments of 
transmitral pressure gradient, heart rate and systoli 
blood pressure during exercise stress testing. Then the 
differences between ANP, transmitral pressure gradi- 
ent, heart rate and systemic blood pressure were ex- 
amined during submaximal exercise before and after 
PTMC. A significant correlation was observed only be- | 
tween the differences in ANP and those of transmitral a 
pressure gradient. 

In this study, the relation between ANP levels and 
other humoral factors was not evaluated. Saito et alt 
showed that plasma renin activity and plasma aldoste- 
rone concentration did not significantly increase during 
exercise, and there were no significant correlations be- 
tween the changes in ANP and those in plasma renin 
activity or plasma aldosterone concentration. 

In conclusion, these results suggest that the most im- 
portant factor influencing the secretion of ANP during 
exercise may be the alteration of transmitral pressure 
gradient in patients with mitral stenosis. Measurements — 
of ANP levels may be useful for managing patients with | 
mitral stenosis. 
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to compare various determinants of blood rheology 
in patients with substitute heart valves with those 
_in healthy controls; furthermore, differ 
tween peed with mechanical valves and those 











pens red cell aggregation, h nern nate 
platelet aggregation—were studied i in 92 patients 





with mechanical bileaflet valves; in 28 patients with 


| since valve replacement was >9 n n 0 nths. I | 
gen, plasma viscosity, red cell and spontat 
-platelet aggregation were found to be increased in 
_all patients after heart valve replacement compa 
with normal subjects (fibrinogen: 348 + 87 vs 267 
+ 66 mg/dl, p <0.01; plasma viscosity: 1.71401 
vs 1.66 + 0.1 mPas, p <0.05; red cell aggregation: 
9.9 + 2 vs 7.8 + 2 U, p <0.01; platelet aggrega- 
tion: 22 + 15 vs 13 + 13%, p Ton among pa- 
tients, fibrinogen, plasma cosity . and: | 














valves than in bioprostheses (fibrinogen: 359 t 95 

vs 314 + 41 mg/di, p <0.01; plasma viscos 

oie 2 0.1 vs 1.68 + 0.1 mPas, p <0.1; platelet 

. aggregation: 23 + 15 vs 16 + 11%; P <0.05), 

aggre zation (9.7 +2vs 10.5 + 2%, p ) >0.05). 
lood rheology factors were i of 















; ‘time of valve implantation, valve position, valve size 


and cardiac rhythm. Rheologic abn lormalitie in 
to thrombus formation at the site of the valve by 
-further disturbing blood flow in regions of flow sep- 
_ aration or stagnation, or both, created in the imme- 
od ze eee of the prosthetic device. 








(Am J Cardiol 1991;67:79-83) | 
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ally restricted to a short period.27” A major role in the 


alone has clearly failed to provide adequate protectio 


"py. All patients had normally functioning valve. 


t- tive drugs as well as smokers and pa 














































in patients after heart valve replacement.” It. 
much more pronounced in patients with. m 
chanical prostheses who therefore need a life-long anti- 
coagulant therapy? ®; in patients with bioprostheses the 
thrombogenic risk is low so that anticoagulants are usu- 


A rterial thromboembolism is a serious complication i 


initiation of thrombus formation at the site of the valve, 
has been ascribed to the activation of blood platelets.* 
However, therapy with platelet aggregation inhibito: 


from thromboembolism in patients with mechanic: 
valves.*!? Other factors such as abnormalities in bloa 
rheology may further contribute to this complication. _ 

Therefore, the aim of this study was to evaluate the 
behavior of various determinants of blood rheology in. 
patients after cardiac valve replacement compared with 
that in healthy controls. Furthermore, the difference be- 
tween patients with mechanical valves and those with — 
bioprostheses should be investigated. | 


METHODS o 
Patients: One hundred twenty patients (67 men, 53 
women) after heart valve replacement were studied. 
Ninety-two patients (51 men, 41 women) had received | 
mechanical prostheses (55 Duromedics-Edwards and 37 _ 
Carbomedics. bileaflet valves; 50 aortic, 36 mitral, 6 | 
double), whereas 28 patients (15 men, 13 women) had 
received bioprostheses (Sorin-Pericarbon [bovine peri- 
card]; 24 aortic, 2 mitral, 2 double). The valve size (di- - 
ameter) ranged from 21 to 33 mm in Duromedics-Ed- _ 
wards prostheses, from 19 to 29 mm in Carbomedics ~ 
valves, and from 19 to 31 mm in Sorin-Pericarbon bio- 
prostheses. The average time elapsed since operation 
was 27 months (range 10 to 36) in patients with me- < 
chanical valves, and 22 months (range 9 to 43) in pa- > 
tients with bioprostheses. f 
The patients were aged 26 to 80 years (mean + 
standard deviation [SD] 58 + 11 years in patients with 
mechanical valves, and mean + SD 63 + 8 years in 
patients with bioprostheses). All patients with mechani- 
cal valves were receiving oral anticoagulant therapy 
with phenprocoumon or acenocoumarol. Of the patien 
with biologic valves, only 2—patients with a history- 
thromboembolism—received oral anticoagulant th 


confirmed . by echocardiography. Patients 
atelet aggregation inhibitors or hemorrheolog 
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Controls 
(n= 29) 


Patients 


(n= 120) p Value 




















= ry are mean + standard déviation. 
„ADP: = adenosine diphosphate: NS = not significant. 


“mellitus, hy erlipidemia, arterial occlusive disease) 
ere excluded from the study. 
Blood samples were obtained without stasis from the 
antecubital vein for immediate determination of the fol- 
lowing determinants of blood rheology: fibrinogen, plas- 
ma Viscosity, red cell aggregation, hematocrit and plate- 
let aggregation. Plasma fibrinogen was estimated with 
the method of Clauss.'4 Plasma viscosity was measured 
with a viscometer of the capillary type at 25°C (Coul- 
ter-Harkness viscometer, ethylene diaminetetraacetic 
acid plasma).'5 Red cell aggregation was determined 
using the MAI-Ageregometer, a photometric rheoscope 
(Myrenne, Roetgen, Federal Republic of Germany).'° 
The measurements were obtained from heparinized 
~ blood (10 U/ml) adjusted to a standard hematocrit of 
45% with autologous plasma at a low shear rate of 3/s. 
< For determination ef platelet aggregation, blood was 
anticoagulated with 1 part in 10 of 3.8% trisodium ci- 
trate and centrifuged to produce platelet-rich plasma; 
= the platelet count was adjusted to 200 X 10°/liter. 
Platelet aggregation (spontaneous and adenosine di- 
phosphate (ADP)~induced [final concentration 5 X 
< 1077 mol/liter}) was measured with the PA2-Aggrego- 
meter (Myrenne!”): Platelet-rich plasma was subjected 
-to a constant shear rate of 40/s in a cone plate cham- 
| ber. Microhematocrit levels were determined by centri- 
fuging the sample at 15,000 g for 5 minutes. 
_. Simultaneously, blood samples were obtained for 
routine hematologic and chemistry profiles, including 
the serum lactate dehydrogenase activity to estimate the 
degree of intravascular hemolysis. 
Twenty-nine clinically healthy subjects (16 men, 13 
omen; mean age + SD 59 + 12 years), all nonsmokers 
thout evidence of metabolic, neoplastic or inflamma- 
ry disease, were used as controls. 
~~ Results are exp p as mean + SD. Intergroup 
` comparisons were pe 
< data. Analysis of ` variance was applied to nati hemor: 
z oe data i in paar to valve va Correlations 























































B controls (Table I; the dif 
and biological valves : are = deta 










rinogen 1(mg/ di) 348 + 87 267 + 66 <0.01 
Plasma viscosity (mPa / sec 1.71 £0.1 1.66 0.1 <0.05 
Red cell ageregation 9942 7842 <0.01 
cl (arbitrary units) 
Hematocrit (%) 4444 4444 NS | 
Platelet aggregation (%) | 
k Se 22415 13413 <0.01 

71414 66 + 17 










TABLE " Hemorthealogic sa Dat and s actate o o 
Dehydrogenase in Patients with Mechanical and Biologi 
Substitute Heart Valves r 


Valves 






Biologic 
(n= 28) | 


Mechanical 
{n = 92) 














































Fibrinogen (mg/dl) 359495 314441 
Plasma viscosity (mPa/sec) 1.72401 168401 <01- 
Red cell aggregation 9.7+2 10.542 NS 
(arbitrary units) 
Hernatocrit (%) 4444 4324 NS 
Platelet aggregation (%) 
Spontaneous 23415 16411 <003_ 
ADP—induced 71414 69414 NS 
Serurm lactate dehydrogenase 3274131 2754130 NS 


(U Aiter) 


Values are mean standard deviation. 
ADP = adenosine diphosphate; NS = not significant. 
















Plasma fibrinogen was clearly elevated in ia 
with artificial valves compared with controls (Table I); 


this applied to each group of patients with valve replace- 
ment, those with mechanical devices (p <0. 01) and o 


those with biologic valves (p <0. 01). 


Plasma viscosity was increased in patients with ibe s 


wei. 












pValue | 
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stitute heart valves (Table I), in particular, in patients £ 


with mechanical valves (p <0.03), whereas patients 
with bioprostheses were not different from controls P 


>0.05). 


with mechanical valves and patients with bioprostheses, 
respectively (p <0.01 each). 


Spontaneous platelet aggregation was increased ine 
patients after heart valve replacement (Table I), partic- 
ularly in patients with mechanical valves (p <0.01), < 
whereas no difference was seen between patients with i 






bioprostheses and controls (p >0. 05). 


and ADP-induced platelet aggregation (Tables I and 
H). 


Correlations of the hemorrheologic variables were 


The increase in red cell aggregation in patients with - 
valve replacement (Table I) applied to both patients 


No differences were seen with respect to ieman E 


Ba 


found between fibrinogen level and red cell aggregation i 


(Figure 1) and between fibrinogen and plasma viscosity nie 


(Figure 2). 


Serum lactate dehydrogenase exceeded the upper 
limit of normal (240 U/ml) in both patient subgroups 


(Tatle IT). Serum lactate dehydrogenase was inversely 
related to red cell aggregation (Figure 3). Furthermore, 
there was a positive correlation between serum lactate 
dehydrogenase and valve size (r = 0.29, p <0.01). 
Valve size was inversely related to red cell aggregation 
(r = —0.26, p <0.01). 

Table III shows hemorrheologic variables and serum 
lactate dehydrogenase in detail with respect to valve po- 
sition. Among patients with mechanical valves, a differ- 





ence could be established for serum lactate dehydroge- 
-nast se ( <0. 05) but. not for pee heme eey variables: 










tob - unrelated to any of the variables studied (all p 
>0.05). 





TEL OE es of thromboembolism: In patients with me- 
: chanical valves, 1 episode of thromboembolism was 
; anifested by stroke in a patient with aortic valve re- 
- placement, whereas anticoagulant therapy was well con- 
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ll as the time elapsed since operation were found — 


aggregation compared with those in normal subj Hi 
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< trolled (thrombotest values between 5 and 12%). Two ous, ki 
= patients with bioprostheses. (aortic valve. replacement) 
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Patients with ‘carding’ Cane replacement hac 
creased plasma fibrinogen, plasma viscosity and 


brinogen and plasma viscosity were higher in patie 
with mechanical valves than in pasent with. sag 
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logic Data and Serum Lactate 
yd genase Related to Valve Position 














Double 
(n=6) 


Mitral 
(n = 36) 


Aortic 
(n = 50) 








Patients with Mechanical Prostheses 


3684113 3472468 











“brinogen (maya 351 + 67 

















asma viscosity(mPa/sec) 1.73401 1.71401 1.73402 
Red cell aggregation 10.042 9.543 8.742 

(arbitrary units) 

ematocrit (%) 4444 4344 4344 

atelet aggregation (%) 

Spontaneous — 20413 25415 38+ 28 

ADP-induced 70415 70411 84411 

3644162 406450 






Serum lactate dehydrogenase 288 + 90 










Mitral 
(n= 2) 


Aortic 
(n = 24) 







Patients with Bioprostheses 


317437 264453 
169401 1.71400 
10.742 9.543 













326472 
1.62 + 0.0 
8.740 


| Fibrinogen (mg/d) 
Plasma viscosity (mPa /sec) 
Red. cell aggregation 











4345 4542 4441 





` Platelet aggregation (%) 










_ Spontaneous 16412 1245 2149 
| ADP-induced 68 + 14 6949 81410 
Serurlactate dehydrogenase 2744139 216444 3453109 





- (U/iter) 


Values are expressed. as mean + standard. 
Abbreviations as in Tables Fandi. 








-=> genemia disappears within 14 days.!? The same applies 
-. to anticoagulant treatment itself, which does not affect 
7” plasma fibrinogen. 2 Fibrinogen survival and turnover 
are relatively unchanged from normal in patients with 
_ heart valve replacement.!2*! Thus, elevated fibrinogen 
levels may be part of an unspecific stress response 
to tissue injury, a so-called “hematologic stress syn- 
drome,” 22 which accompanies certain acute and chron- 
ic disorders and is characterized by increased hepatic 
synthesis of fibrinogen. 
_ The increase in plasma fibrinogen results in 2 major 
o rheologic consequences: an increase in plasma viscosity 
“and an increase in red cell aggregation. Fibrinogen 
-plays a major role in aggregation of red cells by acting 
as a bridging macromolecule between the cells. The 
fact that red cell aggregation is the flow-limiting factor 
in areas of low shear may be of special importance in 
patients with valve prostheses: studies of hemodynamic 
performance have shown that artificial heart valves do 
not only create regions of elevated turbulent shear 
stresses large enough to cause damage to cellular blood 
> elements, but also create regions of flow stagnation ad- 
jacent to the valve superstructure.”-!' Increased red cell 
aggregation may seriously disturb blood flow in these 
regions of low shear and thus contribute to thrombus 
co formation. 
` Our current findings with respect to spontaneous 
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prostheses.'22! Studies of ADP-induced pla | 
gability did not reveal marked deviations from the nor- 
mal response; this finding is consistent with previous. re E 
ports.” = 
The increase in serum lactate dehydrogenase activity cae 
in both patient subgroups indicates hemolytic properties _ 
of both valve types.24 The degree of intravascular hemo- 
lysis—reflected by lactate dehydrogenase activity—-was 
found to be inversely related to the extent of red cell 
aggregation: sublethal shear stresses at the site of the 
valve may damage red cell membranes and thus reduce __ 
their flexibility?>°, as red cell membranes have to de- 
form for rouleaux formation to give maximal surface 
contact, a reduced flexibility may result in a reduction. 
of erythrocyte aggregability. Even if this was the case in. ` 
our patients, the absolute values of red cell aggregation - 
remained increased because of the elevation in plasma 
fibrinogen. 7 
We conclude that abnormalities in blood rheology 
present in patients after heart valve replacement were k 
mainly related to the valve type because they were more 
pronounced with mechanical than with biologic valves. 
The fact that alterations in blood rheology co-exist wit 
changes in platelet function may explain why therapy 
with platelet aggregation inhibitors alone without addi- 
tional anticoagulant therapy failed to reduce the risk of- 
arterial thromboembolism in patients with mechanical: 
valves. ae 


Acknowledgment: I am indebted to Brigitta Wende- A 
lin and to Claudia Unger for excellent technical assis- 
tance. ae 




























REFERENCES 
1. Borst HG, Papagiannakis N, Beddermann Ch, Oclert H. Cardiac ae re 
placement. Problems solved and unsolved. J Thorac Cardiovasc Surg: 1979; 2 i; 
76-84. ; 
2. Jamieson E, Janusz MT, Miyagishima RT, Munro Al, T utassura H, Gerein 
AN, Burr LH, Allen P. Embolic complications of porcine heterograft cardiac 
valves. J Thorac Cardiovase Surg 1981;81:626-631. 

3. Stein PD, Kantrowitz A. Antithrombotic therapy in mechanical and biological - 
prosthetic heart valves and saphenous vein bypass grafts. Chest 1989;95:2,1078- 
1178. of 
4, Dale J, Nitter-Hauge S. Do all patients with mechanical heart valve prostheses: ae 
need anticoagulant therapy? Z Kardiol 1986;75(suppi 2):332- 337. Boo ee 
§. Rabago G, Fraile J, Martinell J, Artiz V, Cortina J. Factors influencing Be 
thromboembolism after mitral prosthetic implants. Z Kardiol 1986: :75(suppt 
2):34 1-344, ; 
6. Duveau D. Anticoagulation is necessary in all patients with mechanical. pros- 
theses in sinus rhythm. Z Kardiol 1986;75(suppl 2):326-331. l 
7. Nunez L, Pinto AG, Larrea L, Gil Aguado M, Connor FO. Oral anticoagula- 

tion is not necessary for patients with bioprosthetic mitral valve replacement in 
atrial fibrillation. Z Kardiol 1986:75(suppt 2):321-325. 

8. Stein PD, Sabbah HN. Measured turbulence and its effect on thrombus 
formation. Cire Res 1974;35:608-614. l 

9. Yoganathan AP, Woo YR, Sung HW, Jones M. Advances in prosthetic heart 
valves; fluid mechanics of aortic valve designs. Biomater Appl 1988;2:579-614. 

10. Yoganathan AP, Sung HW, Woo YR, Jones M: In-vitro velocity and-turbu- . 
lence measurements in the vicinity of three new mechanical aortic heart valve — 
prostheses: Bjérk-Shiley Monostrut, Omni-Carbon, and Duromedics. J Thorac 
Cardiovasc Surg 1988;95:929-939, 

11. Woo YR, Yoganathan AP. Pulsatile flow velocity and shear stress n measure- o 
menis on the St. Jude bileaflet valve Prosthesis. Scand. iT horar C ardiovasc ‘Surg T 
198620.1 5-28. ae 












d 1970:282:1302-1305: 





serinn hnel 
s: hota Haemat ! 1957;17.235-237. 


s J. A new Sa for the measurement be plasma viscosity. 


ore 2: 280-281. 


cea warfarin aen “Lancet + 1964:2-821.899,. 
21. Harker AL, Slichter SJ. Platelet and fibrinogen aan ae in ma 


J Med 1972; 287: 999-1005. 


: 23. Chien S. Biophysical bear of red eelis i in suspensions. In: Sager DI 
ed. Deiat Beat San Fr 


2 an AA hang 
i biliyi in patients w with aortic valver p 











“Meters Above Sea Loval 


Robert R. Wolfe, MD, James P. Loehr, MD, Michael S. Schaffer, MD, 
and James W. Wiggins, Jr., MD 


Little data are available on the hemodynamic ef- 
fects of premedications and anesthetic agents on 
-infants and children. Ketamine is the most fre- 
‘used anesthetic agent for cardiac catheter- 
ization procedures in pediatric patients with con- 
giia heart disease. Previous reports both sug- 
gest and deny ketamine’s pulmonary vasoreactive 
- effects. Since the advent of sophisticated noninva- 
- give equipment, one of the few indications for cardi- 
-ac catheterization is to obtain accurate pressure 
_. data. If ketamine alters pulmonary vascular resis- 
tance, it would negate the primary reason for the 
procedure. Because the patient population studied 
>; herein resides >= 1,200 meters above sea level, con- 
- cerns about pharmacologic effects on pulmonary 
- vascular resistance are enhanced. Simultaneous 
pulmonary artery and aortic pressures, thermodilu- 
-< tion cardiac outputs, and blood gases were mea- 
sured in room air (16% oxygen) and with ketamine 
infusion in 14 patients at cardiac catheterization. 
_ . Reaction to hypoxia identified 3 groups: normal, in- 
_. termediate and hyperresponders. The normal re- 
_ sponders had normal resistance ratios (0.11) in 
=< room air and had little resistance ratio response to 
hypoxia (+0.02), hyperoxia (—0.03) or ketamine 
= (+0.01). The intermediate responders had a slightly 
higher but normal resistance ratio (0.20) in room 
air, and a moderate reaction to hypoxia (+ 0.13), 
~ hyperoxia (—0,08) and ketamine (+0.11). The hy- 
<o perr rs had an elevated resistance ratio 
(0.42) in room air and a striking reaction to hypox- 
ja (+0.65), hyperoxia (--0.17) and ketamine 
- (+0.49). 
=>> Hypoxia and ketamine have a greater effect on 
-= resistance ratio than hypoxia alone in patients with 
<- reactive pulmonary vascular beds. Ketamine should 
= not be used in children undergoing procedures to 
- : establish operability based on pulmonary vascular 
F resistance or pulmonary vascular reactivity. 
(Am J Cardiol 1991;67:84--37) 
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of premedications! >? and anesthetic agents* 
/infants and children. Ketamine is the most. 
quently used anesthetic agent for cardiac catheteriza- 
tion procedures in pediatric patients with congenital ~, 
heart disease.®.? Previous reports suggest that its use 
may be contraindicated in patients with pulmonary hy- _ 
perteasion.!™!3 Two recent publications,'*!> however, 
suggest that ketamine’s effects on pulmonary vascular 
resistance are nil to trivial in infants and children - 
with uncorrected or immediate postoperatively correct- ae 
ed congenital heart disease. SS 
Since the advent of sophisticated noninvasive imag- 
ing methods of investigating congenital heart disease, — 
one of the few remaining indications for cardiac cathe- 
terizations is to obtain accurate pressure data. Premedi- 
cations or anesthetic agents that alter systemic or pul- | 
monary vascular resistance during cardiac catheteriza- — 
tion negate the primary reason for performing the 
procedure with its attendant risks. Furthermore, critical 
clinical decisions are often based on these hemodynamic _ 
data. Chronic residence at high altitudes appears to fur- 
ther increase pulmonary vascular reactivity to a variety — 
of stimuli.!¢!8 Because our patient population resides _ 
> 1,200 meters above sea level, concerns about pharma- 
cologic effects on pulmonary vascular resistance are 
greater than otherwise comparable pediatric cardiology | 
centers at sea level.!? This study examines the effects of < 
ketamine, hypoxia and hyperoxia on the pulmonary and — 
systemic vascular beds in children with surgically cor- _ 
rected congenital heart disease. All patients entered in - 
the study had clinical or historical evidence of increased 
reaetivity to hypoxia, plus >2 risk factors for increased 
pulmonary vascular reactivity. 


| ittle data are available on the sieitodgaammiel eff 











METHODS 

The study was approved by the human research 
committee of the University of Colorado School of 
Medicine. Informed consent was obtained from the par- 
ents of each child before the procedure. All children had 
had surgical correction of congenital heart disease 21 _ 
year prior. Each had a : 1 ft-to-right s shunt, with, a 











to th i oe study. “These | ‘were: cari residence’ at Coe i 
y! reoperative Pe flow a 
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ter than systemic flow; (3) Down: aae A 
cal or laboratory evidence of baseline hypoventila- 
; (5) upper airway obstruction; (6) frequent respira- 
ry infections (26/year); or (7) chronic lung disease. 
Fourteen children met criteria for the study. There were 
-8 boys and 6 girls ranging in age from 1.9 to 5.8 years 
(mean 3.6). One hour before the procedure, 2 mg/kg of 
meperidine and 1 mg/kg of hydroxyzine hydrochloride 
were administered intramuscularly. This combination of 
_premedications has previously been shown to have lit- 
tle effect on pulmonary and systemic vascular hemo- 
a dynamics.” z 
-== Percutaneous right-sided cardiac. catheterizations 
“and retrograde arterial procedures were performed in 
-all subjects. Simultaneous pulmonary arterial phasic 
“andr mean pressures and central aortic phasic and mean 
-pressures were recorded. Thermodilution cardiac out- 
“puts were done 3 times in the pulmonary artery. An 
average was calculated from 3 satisfactory curves. Si- 
_Multaneous pulmonary arterial and central aortic sam- 
ples were drawn, and partial pressure of | oxygen. (PO>), 
; partial pressure of carbon dioxide (PCO;) and hydrogen 
“jon concentration (pH) were determined. All variables 
-were measured in room air, after 10 minutes of 16% 
-inspired oxygen, and after 10 minutes of 100% inspired 
ygen. After pressures and blood gases returned to 
baseline values, 1 mg/kg of intravenous ketamine was 
‘given and all measures repeated 3 to 5 minutes later. 
Right atrial and pulmonary arterial mean pressures 
were recorded with each set of data. Precapillary pul- 
monary and systemic vascular resistance indexes and 
-ratios were calculated using the standard formula. No 
“patient had residual shunts or- ‘significant obstructive 
: lesions. 


: RESULTS 
=: Patients were divided into 3 groups based on their 
‘response to hypoxia. Group averages for the salient he- 
modynamic data are listed in Table I. Group 1 consists 
of 4 patients with little response to hypoxia. These sub- 
: jects are. comparable to normal control subjects previ- 
‘ously rep „and are Sonsidered 


















“TABLE I Group Hemodynamic D Data in Foürteen Patients i in Room Air, TART TA and After Receiving Ketamine 


SAPX (mm Hg} 


H “Gs ‘Cardiac index; K = after ketamine infusion: PAPK = mean n pulmonary artery pressure. PYRE = mean pulmonary ERTES POTEOA dex RA = room ai: RR = resistance: <— 
ic -SAPK = mean systernc arterial pressure: SVRI = = systemic vascular resistance index, 16 = 16% ambient oxygen, 100 = 100% ambient oxygen. 


0.25 with hyperoxia. Sheffe’s test for multiple compari- 




















sponse to hypoxia. Room air mean pulmonary arter 
pressure (20.2), pulmonary vascular resistance inde 
(3.5 U /m°) and resistance ratio (0.20) in group 2 we 
in the high normal range (Table I). Group 3 consists of — 
4 patients with hyperresponsitivity to hypoxia. Room air ~ 
mean pulmonary artery pressure (34 mm Hg), pulmo- - 
nary vascular resistance index (5.4 U/m?) and resis- 
tance ratio (0.42) in group 3 were elevated (Table 1). 
The vascular reactivity of the 3 groups is shown in Fig- 
ure 1. The ordinate axis, representing the resistance ra- 
tio from 0.0 to 1.2, reflects the simultaneous and com- 
parative effects on the pulmonary and systemic circula- 
tions. The abscissa has 4 data intercepts: room air, 16% 
inspired oxygen, 100% inspired oxygen, and ketamine 
infusion. The 4 normal responders (group 1) had a | 
room air resistance ratio of 0.11, which increased to 
0.13 and 0.12 with hypoxia and ketamine, respectively, 
and decreased to 0.08 with 100% oxygen. The interme- 
diate responders (group 2) had a room air resistance. 
ratio of 0.20, which increased to 0.33 and 0.31 with 
hypoxia and. ketamine, respectively, and decreased be- _ 
low baseline to 0.12 with hyperoxia. The hyperre- — 
sponders (group 3) had a room air resistance ratio of - 
0.42, which increased to 1.03 and 0.91 with hypoxia and 
ketamine, respectively, and decreased below baseline to 


































sons was performed for groups 2 and 3, and indicated 
statistically significant resistance ratio response to hyp- — 
oxia and ketamine at the 0.05 probability level. 
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| Cardiac index decreased approximately 1.0 liter/ 
min/m? in all 3 groups with hyperoxia, decreased little 
with ketamine and was unresponsive to hypoxia (Table 
D. Group venous and arterial PO, PCO- and pH val- 
“ues are listed in Table H. Group 3 patients tended to 
-have lower central PO, values in response to hypoxia, 
¿but in all other respects the values were comparable. 
Ketamine administration did not cause hypoventilation, 
ypoxia or acidosis. None of the patients experienced 
indesirable side eee 


_ Direct comparison of the hemodynamic responses of 
„infants and children to ketamine, hypoxia and hyper- 
-oxia have not previously been reported. Previous studies 

- looked at their independent effects in children with cur- 
-rent or postoperative congenital heart disease. 18-20 The 
-» children in this study are a highly selected group with a 
_~ greater than normal probability to be reactive to these 
= stimuli. Consequently, the majority of patients demon- 
- strated an increase in resistance ratio and pulmonary 
~~ vascular resistance to both hypoxia and ketamine. 
Down syndrome: The association of Down syndrome 
with pulmonary hypertension or pulmonary vascular re- 
activity is controversial and difficult to study. 21-25 Mor- 
> ray et al!4 concluded that Down syndrome was not a 
contributor to pulmonary vascular hyperreactivity, but 
1 of their 2 hyperresponders was affected. Three of 4 of 
our group 3 patients had Down syndrome, whereas none 
-> of group 1 or 2 patients did. Conclusions regarding in- 
Ka dependent Down syndrome pulmonary vasoreactive pro- 
©. pensity are difficult to reach because additional risk 
factors, such as upper airway obstruction and frequent 
=> respiratory infections, may be present in affected indi- 
-> viduals. 
ooo Hyperoxia: Most of the published reports concerning 
pulmonary vascular reactivity and operability of chil- 
dren with congenital heart disease focus on the response 
to acute hyperoxia.™®? There are multiple problems 
-with this method: First, shunt calculation becomes less 
~ accurate, making pulmonary vascular reactivity a rough 
_ estimate at best. Second, cardiac output decreased 22% 
- in our study.and 21% in the study reported by Beekman 
~ et al?’ with acute hyperoxia. Unless cardiac output is 
accurately measured (and not estimated), pulmonary 
© vascular reactivity will be falsely elevated. Third, sys- 
-temic vascular resistance increased 57 and 30% in our 
e patients and in those reported by Beekman et al, 27 re- 
i lear.: thag, with complex i interactions 






















among these 3 variables, accurate calculation of Hio. z 
nary vascular reactivity in routine cardiac catheteriza- ! 
tions is difficult. oo 
Hypoxia: Hypoxia has been studied less often thai 
hyperoxia as a pulmonary vascular stimulant.” Wald- - 
man et al’® reported an excellent study of 22 children at 
sea level before and after correction of congenital heart — 
disease, noting 2 of 22 to be hyperreactors. In some re- . 
spects, they were comparable to our group 3 children, as ~ 
they rapidly developed suprasystemic pulmonary pres- _ 
sure and profound intrapulmonary shunting with low 


aortic PO, values. Figure 1 shows that hypoxia is a 


more: potent pulmonary vascular stimulus. than hhyper- : 


oxia. In our study, hypoxia caused increases in resis- 
tance ratio of 17, 76 and 123% above room air baseline _ 
values in groups 1, 2 and 3, respectively, whereas hyper- 


oxia caused decreases of 11, 20 and 32%, respectively. n 
Hypoxia is a more frequently encountered “physiologic” 
stimulus than hyperoxia. Visits to or residence at high — 
altitude, airplane travel, respiratory infection, chronic 
lung disease and upper airway obstruction are all hyp- 
oxic events experienced by children with Songenital a 
heart disease. Nae 
Ketamine: Ketamine is a safe anit commonly. used : 
anesthetic agent in pediatric cardiac catheterizations.® Pet 
If, however, it causes significant pulmonary vasocon- — 
striction'!®!3 in hyperresponders, misleading hemody- — 
namic data and high-risk procedures may be the con- 
sequence. Two recent studies suggest that ketamine — 
causes insignificant pulmonary vascular reactivity 
changes!+!5 in children with congenital heart disease. 
Morray et al'4 evaluated 20 children with uncorrected — 
defects who received ketamine at cardiac catheteriza~ — 
tion. Close perusal of their data, however, reveals that5 
of 20 patients had a pulmonary artery pressure of 225- 
mm Hg and that their pulmonary artery pressures in- — 
creased with ketamine administration while they were ~ 
breathing room air. These patients are similar to our 
group 2 intermediate responders. Hickey et al! evaluat- 
ed 14 intubated children the day after corrective sur- 
gery for congenital heart disease. Their conclusion was 
that ketamine had no pulmonary vasoconstrictive effect 
and that previous studies actually reflected pulmonary 
vascular reactivity responses to hypoventilation. These 
investigators, however, were giving forced inspiratory 
oxygen of 0.3 to 0.4 during ketamine administration, ; 









which may have offset and. masked the ketamine pul- 
monary vasoconstrictive effect. Berman et al? recently — 


showed. that cetamine. caused "Sign fi cant increases an 















ry vasa reactivity; heart. rate aaa oxygen 
< consumption in subjects with baseline elevation of pul- 
( monary vascular resistance. 

Ketamine and hypoxia caused significant and, in 
some cases, dramatic increases in resistance ratio in our 
- patients. Hypoxia was a more potent. pulmonary vasoac- 
_ tive stimulus than hyperoxia. Although “comparable pa- 
- tients may be found less frequently at sea level, it would 
- seem reasonable to identify patients with multiple risk 
- factors for pulmonary vascular hype reactivity, and to 
use agents other than ketamine at cardiac catheteriza- 
Specifically, ketamine should be used with caution 
hildren undergoing procedures to establish operabil- 
based on pulmonary artery pressure or pulmonary 
reactivity. 
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parison of Exercise Stress Testing with Ambulator r ` 
ctrocardiographic Monitoring in the Detection of Myocardial 
hemia After Unstable Angina Pectoris 


Vilcox, BMedSci, MB, S. Ben Freedman, MB, PhD, Jianan Li, MMed, Philip J. Harris, MB, DPhil, and 
j T. Kelly, MB ; 


rcise testing, considered to be contraindicated in 
stable angina,' has recently been reported to be 
patients whose symptoms have stabilized on medi- 
rapy,° although this is not uniformly accepted. 
normal exercise responses in patients with recently 
ized unstable angina are associated with more ex- 
ve coronary artery disease* and a worse prognosis.?-> 
stion of ischemia on continuous electrocardiograph- 
2G) recordings performed early during hospitaliza- 
for unstable angina has been shown to indicate an 
se prognosis.°~!° Preliminary data suggest that con- 
silent myocardial ischemia detected by ambulato- 

: oe at the time of hospital discharge also 


af paring exercise testing with ambulatory monitoring. 

s study we compared exercise testing and ambulato- 

y monitoring for the detection of myocardial ischemia in 

medically stabilized patients at discharge after hospi- 
lization for unstable angina pectoris. 


Additional criteria were age <75 years, physical 


lity to exercise, and resting electrocardiogram that 
as interpretable for ischemia (absence of resting ST 
epression >1 mm, left ventricular hypertrophy or left 
undle branch block). In a 10-month period, 33 patients 
ere Selected; 1 was later excluded because of an inade- 
uate (<9 hours) ambulatory recording. The 32 patients 
comprised 22 men and 10 women, mean age 59 + 9 
ears. Coronary angiograms, although not required for 
gnosis, were available in 21 of 32 (66%) patients and 
ealed significant coronary artery disease (250% lu- 
| diameter reduction) in 20 of 21 (95%). 

patients underwent simultaneous exercise testing 


ymbulatory monitoring within 2 days of hospital 


‘harge. Medical therapy was continued during both 
sts and included B blockers in I 5 (47%), calcium an- 
gonists in 18 (56%) and nitrates in 25 (78%). Exercise 
ing was performed on a treadmill with a Naughton 
tocol and 12-lead ECG recording. The end point was 
nset of angina or limiting nonanginal symptoms. 
were terminated prematurely if patients developed 
ST depression or an abnormal blood pressure 

e. A positive exercise electrocardiogram was de- 


allstrom Institute of Cardiology, Royal Prince Alfred Hos- 


ssendon Road, Camperdown, NSW 2050 Australia. Manu- 
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fined as 20.1 mV horizontal or downsloping ST dep 
sion measured 80 ms after the J point, or 20.1 mV 
elevation. Ambulatory ECG monitoring was performea 
using a single-channel, solid-state, real-time ECG moni- 
tor (QMED Monitor One), which we have previous 
validated!’ The monitoring lead was bipolar lead CS 
An ischemic episode was defined as 20.1 mV horizont 
or downsloping ST depression or 20.1 mV ST ele 
measured 60 ms after the J point and lasting >40 
onds. Postural ST-segment changes were exclude 
recording ECG strips in the supine, right and left latera 
decubitus, sitting and standing positions. Ambulatory 
monitoring, begun before the exercise test, continued for 
35 + 7 hours (mean + standard deviation), the approxi- 
mate lifespan of the batteries. Ischemic episodes that 
occurred during the simultaneously recorded exercise 
test were not included as ambulatory ischemic episodes. 
All ischemic episodes detected by the device were verifiec 
by inspection of the sample ECG trace stored during the 
episode. 

Comparisons of continuous variables between groups 
were performed using unpaired t tests. Differences in 
proportions were compared using contingency tables and = 
the conditional binomial exact test. A p value <0.05 was — 
considered significant. Values are given as mean + stan- - 
dard deviation. o 

Patients exercised for 10.8 + 5 minutes, reaching 72 — 
+ 13% of their predicted maximum heart rate at a work ~ 
load of 5.8 + 2.6 METs. Angina limited the test in 13 
(41%). The exercise electrocardiogram was positive in 
16 (50%) patients, 8 with and 8 without angina, whereas 
4 patients had angina without ECG changes. Most pa- 
tients (14 of 16, 88%) with a positive electrocardiogram 
had 2.0.1 mV ST-segment depression in lead Vs and in 
11 of 16 (69%) patients this lead was the site of maximal 
ST depression. Patients with a positive exercise electro- 
cardiogram had an exercise capacity (5.4 + 2.7 METs) 
similar to patients with a negative exercise electrocar- 
diogram (6.1 + 2.6 METs, difference not significant) 
and also attained a similar peak heart rate (75 + 14% 
of predicted maximum vs 69 + 14%, difference not sig- 
nificant). 

Eight patients (25%) had a total of 49 ischemic epi- 
sodes (mean 6 per patient, range 1 to 30) during 1,151 
hours sof gael feels All episodes were asso- 
















ONSAID | apnic 
ry disease ad ischemic episodes 
ng ambulatory monitoring: of 21 patients with angi- 
hically defined coronary artery disease, the mean 
umber of diseased vessels was similar in the 4 with and 
the 17 without ambulatory ischemia (1.3 + 0.7 vs 2.0 
0.8, difference not significant). 
i There was a close relationship between ST depression 
luring exercise and ischemic episodes during ambulato- 
onitoring. Seven of 16 patients (44%) with a positive 
cise electrocardiogram had ambulatory ischemia, 
mpared to only 1 of 16 (6%) with a negative exercise 
ctrocardiogram (p = 0.02). Of the 16 patients with a 
sitive exercise electrocardiogram, 3 (19%) had exclu- 
ely silent ambulatory ischemia. Thus, most patients 
of 8, 88%) with ambulatory ischemia, including those 
th exclusively silent ambulatory ischemia (3 of 3, 
00%), had a positive exercise electrocardiogram. 
“The degree of ST depression during exercise was also 
lated to the occurrence of ambulatory ischemia (Fig- 
ure 1), with the proportion of patients showing ambula- 
ry ischemia increasing as maximal ST depression dur- 
ing exercise increased. Three of 5 patients (60%) with 
0.2 mV ST depression had ambulatory ischemia, com- 
pared with 4 of 11 (36%) with ST depression between 0.1 
to 0.19 mV and 1 of 16 (6%) with <0.1 mV ST depres- 
sion (p = 0.03, Figure 1). 
- Angina during the exercise test did not predict isch 
-emic episodes during ambulatory monitoring: 5 of 13 
_ patients (38%) with angina during the exercise test had 
~ ambulatory ischemia compared with 3 of 19 (16%) with- 
out angina (difference not signifi cant). No other exercise 
test variables, including exercise duration, work load 
- and peak heart rate X pressure product, identified pa- 
- tients likely to have ambulatory ischemia. 
Of the 16 patients with a positive exercise electrocar 
- diogram, 12 had ST depression on the ambulatory re- 
- cording during the exercise test, and ambulatory isch- 
-emia occurred in 7 of these 12 (58%). In the 4 patients 
-with positive exercise electrocardiograms but no ST de- 
` pression on the ambulatory recording during the exercise 
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depression). Thus, the un T to de 
changes on the ambulatory recorder during exe 
the latter 4 patients appeared to be due to eit 
inherent limitation of single-lead ST monitoring 
severe ischemia of shorter duration, because th 
algorithm required >40 seconds of ST depressi 
mV to define an ischemic episode. Minor differ 
the position of the Vs electrode, necessitated bys $ 
neous recording through 2 separate electrodes, ma 
have played a role. 
In the present study, exercise stress testing da > 
myocardial ischemia after unstable angina in a ‘subs 
tially greater proportion of patients (50%) than did ai 
bulatory monitoring (25%). The lower yield of ischem 
episodes during ambulatory monitoring was only 
due to the use of a single-lead system, as 42% of pati 
with ST depression detected by the ambulatory reco 
during the exercise test did not have ambulatory ischemia 
during everyday life. Adding a second ambulatory mo 
toring lead would probably have increased the inciden 
slightly. The main reason for the lower incidence of 
bulatory ischemia was its relative rarity in patients 
negative exercise test, as has previously been found 
patients with stable angina.’ : 
Most patients with ischemic episodes anne ambi 
tory monitoring had a positive exercise electroca 
gram. Adding ambulatory monitoring to exercise tes 
identified only an additional 6% of patients with isch 
ST-segment changes. The relatively small improvemi 
in the detection of myocardial ischemia after unstabl 
angina obtained by combining exercise testing with 
bulatory monitoring is similar to that reported previous 
in patients with stable angina.'> Nevertheless, ambu. 
ry recordings revealed frequent episodes of ischen 
(mostly silent) during everyday life in 44% of the pat 
with a positive exercise test, and 19% of the patien 
exclusively silent ambulatory ischemia. This inform 
may have important therapeutic implications, and ma 
also provide independent prognostic information similar 
to that reported in patients with stable angina'* and afte l 
myocardial infarction. '* 
In patients with recent unstable angina who have 
come asymptomatic on medical therapy, exercise tes 
identifies those with myocardial ischemia better 
does ambulatory ECG monitoring. Patients with posit 
exercise electrocardiograms are likely to have ischer 
during ambulatory monitoring, especially if the exerci 
test is strongly positive (20.2 mV ST depression). Isch 
emic episodes are mostly asymptomatic and therefore not 
appreciated by the patient or physician and may have 
important prognostic implications. Thus, ambulator 
ECG recordings add important additional information 
when the exercise test is positive, but appear to be of 
little value in patients with a pees exercise e 
Boe | eas aaa 
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cadian Variation i in Pain Onset i in Unstable Angina Pectoris 
mon Behar, MD, Henrietta Reicher-Reiss, MD, Uri Goldbourt, PhD, Elieser Kaplinsky, MD, and the 


ipal Investigators of SPRINT, Israel* 


r table angina pectoris hits. been recognized as an 
intermediate syndrome between stable angina pecto- 
and overt acute myocardial infarction with the same 
1g pathophysiologic thrombotic mechanisms as 

ter. We investigated the circadian. distribution of 
onset in patients with unstable angina pectoris and 


red it with that of acute myocardial infarction and 


ddi coronary death. _ 
During the duration of the Secondary Prevention 
nfarction Israeli Nifedipine Reinfarction Trial-2 
‘PRINT-2),! designed to investigate the early adminis- 
ation. of nifedipine in acute myocardial infarction, 
ere were 5,037 admissions to 14 coronary care units in 
Israel. Among these, 2,755 patients with acute coronary 
vere admitted with suspected myocardial infarc- 
or this trial, 1,358 patients were randomized to 
nifedipine or placebo. 
reviewed the clinical charts of 37 7 patients among 
nized as well as nonrandomized patients, with the 
OSIS of unstable angina pectoris based on a typical 
inal pain occurring at rest, and lasting <30 min- 
Leila by reversible ST-segment or T-wave 
, or both, and without significant increase in se- 
ardiac enzymes. Demographic. and clinical data, 
nd hospital course were prospectively recorded. 
six patients were excluded from analysis be- 
“insufficient data with respect to time of} pain 


İsrael Society for Secondary Prevention After Myocardial 
and the SPRINT Coordinating Center, Neufeld Cardiac 
nstitute, Sheba Medical Center, Tel Hashomer, 52621, Isra- 

of data for the unstable angina patients was supported by 


nt from Bayer AG (Wuppertal, Federal Republic of 


iin the: framework of The SPRINT-2 2 Study. Mam 


onset. The remaining 301 patients in the study were eae 
36 to 79 years (mean 63): 236 (78%) were men and 147 
patients (49%) had a myocardial infarction before the 
unstable anginal episode. — : 

To evaluate the circadian distribution of pain onset, 
patients were. te grounen ie to the time of onset of 
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symptoms in 3- and 6-hour intervals. The peak incidence 
of pain onset occurred between 6 A.M. and noon (p 
<0.001) (Figure 1). The circadian distribution of pain 
onset was analyzed also by gender, age groups and previ- 
ous medical history. The morning peak prevalence was 
present in each of the analyzed subgroups (Table I). 

Although small subgroups of patients, such as women or 
those aged >70 years, do not achieve a nominal statisti- 
cal significance, the overall picture of morning peak pre- 
dominance is similar. Patient characteristics according 
to the time of onset of pain are provided in Table I. The 
| group of paves in the morning peak of pain onset (6 


k ABLE i} Patient Characteristics According to Time of Pain 
Onset in Unstable Angina Pectoris 
| OPM 
Midnight 


Midnight 
~6 AM. 


No. % . : No. % 


| Men 
-Mean age (years) 
Blood pressure 
-oñ admission 
o mmHg 
‘Heart rate on 
admission — 
- {beats/min}. 
. History 
_ Myocardial 
infarction . 
- angna pectoris 


A.M. to noon) were slightly 5 younger and includ 
patients with a first myocardial infarction an 
rate af smokers, and specifically more patieni 
known hypertension than patients in whom pai 
starts between midnight and 6 A.M. The overall di 
in distribution of all “history” variables, betwee 
four 5-hour spans, from equality, did not reach sta 
cal significance below 0.10 in any of these var 
Mean blood pressure and heart rate on.admission 
coronary care unit increased from 129/82 and 79 
min in patients with pain starting before 6 A.M. to 150, 

mm Hg (p <0.05) and 81 beats/min (difference r 
nificant) in patients in whom the pain started afte -ni 
In addition, morning peak incidence of pain onse 
unstable angina pectoris was not influenced by the se 
son əf the year or by the day of the week (data. no 
shown). 

This study clearly demonstrates a statistically : sign 
cant. variation in the circadian distribution of pain 
in unstable angina pectoris. The maximum incidence 
pain onset in the morning hours, with a decline in 
afternoon, is in complete accordance with the circadie 
pattern distribution observed in sudden coronary deat 
acute myocardial infarction, silent ambulatory ischemi 
pulmonary emboli and stroke.?~® 

The results of this study provide support for the’ h 
pothesis that unstable angina pectoris and acute myoca 
dial infarction have a common pathophysiologic basis 
both cases the morning peak incidence of pain may 
sent a combination ‘of hemostatic P (di f 





. for aronbus formation. In addition, the morn- 
ease in plasma catecholamines, by further aug- 

g the direct effects of the sympathetic nervous 

, expands the oxygen demand of the myocardium. 
iese factors may be the basis for the precipitation of 
scr ischemia in patients with advanced coronary 


stter understanding of the endogenous biologic func- 
and the morning physiologic changes of the clinical 
festations of ischemic heart disease may lead to im- 
ed control of the precipitating factors and guide 
rd more effective therapeutic interventions. 
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APPENDIX 
SPRINT STUDY GROUP 


Henry N. Neufeld, MD (deceased); Jacob Agmon, 
Solomon Behar, MD; Uri Goldbourt, PhD; Henrietta R 
Reiss, MD; Edward Abinader, MD; Jacob Barzilay, MD; 
cov Friedman, MD; Nissim Kauli, MD; Yehezkiel 
MD; Abraham Palant, MD; Benyamin Peled, MD; Le 
Reisin, MD; Egon Riss, MD (deceased); Zwi Schlesinge 
Izhar Zahavi, MD; Monty Zion, MD. 

Participating centers, principal investigators ¿ 
physicians: Assaf Harofeh Hospital, Zerifin: Zwi Schlesinge 
MD; Moshe Algom, MD. Barzilai Medical Center, Ashkeloy 
Leonardo Reisin, MD; Newton Yalom, MD. Beilinson Med: 
Center, Petach Tikvah: Yaacov Friedman, MD. Carmel Hosp 
tal and Medical “Lin” Haifa: Abraham Palant, MD; Ephraii 
Mayer, MD. Central Emek Hospital, Afula: Jacob Barzila’ 
MD; Lev Bloch, MD. Hasharon Hospital, Petach Tikvah: Izha 
Zahavi, MD; Menachem Katz, MD. Hillel Yaffe Hospita 
Hadera: Benyamin Pelled, MD, MSc; Zakki Abu-Moukh 
MD. Kaplan Hospital, Rehovot: Nissim Kauli, MD; Emanu 
Liebman, MD. Rambam Medical Center, Haifa: Egon Riss, 
MD, MSc (deceased); Jamil Hir, MD. Bnei Zion Center, Ha 
fa: Edward Abinader, MD; Ehud Goldhammer, MD; Sali 
Maalouf, MD. Shaare Zedek Medical Center, Jerusalem 
Monty Zion, MD; David Rosenmann, MD; Jonathan Balkin, 
MD. Sheba Medical Center, Tel Hashomer: Henrietta 
Reicher-Reiss, MD. Wolfson Medical Center, Holon: Yehez-. 
kiel Kishon, MD; Ron Narinsky, MD. Coordinating Cente 
Sheba Medical Center, Tel Hashomer: Solomon Behar, MD; 
Uri Goldbourt, PhD; Henrietta Reicher-Reiss, MD; Lori Man- 
delzweig, MPH. 


crease of Right and Left Atrial Sizes After Direct-Current Electrical 
trial Fibrillation 


-ardioversion i in Chronic A 


belle C. Van Gelder, MD, Harry J. Crins, MD, Wiek H. Van Gilst, PhD, Hans P. M. Hamer, MD, and 


ong |. Lie, MD 


‘Ghranic atrial fibrillation (AF), atrial al enlargement i is 
onsidered both a cause and a consequence of the ar- 
ythmia.'~4 It is not well known whether restoration and 
s-term maintenance of sinus rhythm indeed causes a 
srsal of the process of atrial enlargement. Sin addition, 


ocess has not been studied. Therefore, we assessed 
atrial sizes decrease after electrical cardioversion 
nts with chronic AF using 2-dimensional echocar- 


en January 1988 and January 1989, 120 pa- 
ith chronic AF were cardioverted to sinus 
Sixty patients remained in sinus rhythm for 26 


months. In 49 of these patients, fully evaluable echocar- 
diographic recordings could be obtained. These 49 pa- 
tients were the subject of the present study. Chronic AF 
was defined as documented AF with a duration of >24 


hours without intercurrent sinus rhythm. The type of — 


underlying heart disease was determined from the pa- 
tient’s history, physical examination, 1 2-lead electrocar- 
diogram, chest x-ray, 2-dimensional echocardiogram, 
bicycle exercise test and, if available, coronary angio~ 


gram. In all patients, hyperthyroidism was excluded us- 


ing standard tests. “Lone” AF was diagnosed only in the 
absence of any demonstrable underlying heart disease. 
Mitral valve disease was of rheumatic (n = 9), congeni 
tal sae = I or AE ome A a origin, and 10 o th 





Transthoracic echocardiographic studies were per- 
rmed on the day of admission and 6 months after the 
ioversion. Echocardiograms were recorded with a 
Shiba SSH 65A with the use of a 2.5-MHz transduc- 
: Two-dimensional recordings were made to evaluate 
overall left atrial (LA) and right atrial (RA) size. Re- 
rdings were performed with the patient in the left re- 
mbent position. The LA long-axis diameter was taken 
the maximal transverse diameter, with the transducer 
the standard long-axis position with a stable view of 
he aortic and mitral valve as well as of the ventricular 
eptum and posterior left ventricular wall. LA and RA 
liameters, with the transducer at the apex of the heart, 
-were also measured as maximal diameter at end systole 
with a stable simultaneous view of both valves. Atrial 
rea was determined with the following formula: (0.5 X 
LA diameter in long-axis view) X (0.5 X LA diameter in 
apical view) X x. Echocardiographic studies were per- 
. formed by 2 cardiologists who were unaware of the pa- 
-tient’s participation in the study. LA long-axis diameter 
_<40 mm was defined as normal. The maximum for both 
_the apical LA and RA diameters was set at 55 mm. Using 
the above-mentioned formula for LA area only, values 
1,725 mm? were considered normal. 
© Values are expressed as mean + | standard devi- 
4 ation. Paired Student's t test was used to compare data 
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compare echocardiophaphic data betwe 
mitral valve disease, nonmitral heart dise 
tients with lone AF. P values <0.05 wer 6 
statistically significant. oS 

Figure 1 shows that patients with mtsral 'valoè 
had the largest mean LA area, which was signi 
different from that in patients with lone AF (259 
vs 2,004 + 592 mm’, p = 0.02). In addition, 
area in patients with mitral valve disease was 
tially targer than it was in patients with nonmitral 
disease (2,592 + 370 vs 2,294 + 391 mm’, p = 0 
the latter patient group, LA area tended to be large 
in patients with lone AF, but the difference 3 “was 
statistically significant (p = 0.08). Six months 
restoration of sinus rhythm, LA area had decreased 
nificantly (8%) to 2,105 + 432 mm? in patients w 
nonmitral heart disease (p = 0.02) and to 1,762 + 47 
mm? (12%) in lone AF patients (p = 0.02). LA area did 
not change in patients with mitral valve disease. For the 
total group, a 6% reduction of the LA area, from 2,29 
497 to 2,135 + 583 mm? (p = 0.03), was found. 

Figure 2 shows that the apical RA diamete 
smallest in the group with lone AF (54 + 7 mm), 
significantly smaller in this group than it was in 
group with nonmitral heart disease (59 + 6 mm, g 
0.04). Although patients with underlying mitral 
disease clearly had enlarged right atria (59 + 7 
they did not differ significantly from the lone A 
tients (p = 0.1). After 6 months of maintained s 
rhythm, patients with mitral valve disease and those 
nonmitral heart disease showed a significant decrease 
RA dimensions (11%, respectively; 8% size reduction 
= 0.009). This dimension remained eachanses in tth 
group with lone AF. 

At the end of follow-up all patients showed at an 
provement in New York Heart Association func i 
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ecrease. from 2240. 6t to 317 0.5 in patients 
al valve disease (p = 0.02); a decrease from 1.6 


-1.4 + 0.6 in patients with nonmitral heart 
se (p = 0.01); and a decrease in the lone AF group 

nis n 0.5 to 1.1 + 0.3 (p = 0.02). 

The present study shows that after restoration and 
erm maintenance of sinus rhythm, echocardio- 
ic LA and RA dimensions may decrease. In the 

roup of patients with lone AF, it appeared that the mean 

rea nearly normalized, whereas in the other 2 pa- 

groups the mean RA size returned to normal. 

je only parameter not changed after regularization 
; rhythm was the LA area in patients with mitral 

disease. Almost all patients included in this group 

10derate-to-severe mitral valve stenosis with a rheu- 

a etiology. This may have precluded reduction. in 
al size, because the hemodynamic consequences of 

struction of the blood flow from the atrium to the 

icle may have outweighed the beneficial effects of 

estoration of the atrial systole after normalization of 

hythm. In addition, the rheumatic disease process 

y have caused a stiffening of the atrial wall, thereby 
mpering morphologic changes. 


-In patients with lone AF, o 
enlarged. In contrast, additional RA enlarger 
occurred in both of the other patient groups. These 
groups also had the largest mean LA size. These finc 
suggest that after the onset of AF, altered hemodyna 
will affect the left atrium first, whereas the right atri 
seems to be relatively protected. Only after the dev 
ment of a significant LA enlargement will left-sided | 
modynamics affect RA pressure and in particular R 
volume, resulting i in dilatation. ` 
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; diac Rhythm Precipitating Automatic Implantable Cardioverter- 
efibrillator Discharge in Outpatients as Dete 
instelephonic Electrocardiographic Recordings 


athan S. Steinberg, MD, and John S. Sugalski, BS 


he automatic implantable cardioverter-defibrillator 
i (AICD) has become a mainstay in the nonpharma- 
logic management of sustained. ventricular tachyar- 
ythmias.! One of the most. significant. management 
blems for the AICD population is that of AICD dis- 
e for cardiac rhythms other than sustained ventricu- 
hyarrhythmias, the rhythms that the AICD was 
d to sense and terminate.2-5 This type of AICD 

rge has been termed “inappropriate,” “spurious,” 
r alse positive,” can be due to a variety of cardiac 
rythms, and, if recurrent, may be associated with delete- 
is medical or psychological consequences, l Although 
problem clearly exists, the occurrence of inappropri- 
ICD discharges is difficult to define in clinical prac- 
ecause the current AICD system has no internal 
ory or telemetry functions to document the rhythms 
cipitated the AICD discharge. There is little pub- 
formation that documents the cause of AICD 
ges in an outpatient population. The objective of 
dy was to survey the records of all AICD outpa- 
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tients enrolled in a transtelephonic electrocardiogram: 
monitoring service, and to review the records for (1) the 
cardiac rhythms responsible for the AICD discharges, 
and (2) the patients’ symptoms preceding the AICD dis 
charge. 

Thirty-six patients who had been enrolled in thë 
AICD follow-up service of Medtronic Cardiocare (For-. 
est Hills, New York) were studied. These patients were 
enrolled at the discretion of their primary physician, 
probably after 21 unexplained AICD discharges, and 
all had Ventak AICD (Cardiac Pacemakers, Incorporat- 
ed, St. Paul, Minnesota) units. The patients in this pro- 
gram were studied with transtelephonic electrocardio-. 
graphic (ECG) monitors that had looping memory capa- 
bility to record data simultaneously from 2 ECG leads. 
When the patient activated the device to record a symp- 
tomatic episode, the previous 30 seconds of electrocar- 
diogram were frozen in memory and an additional 45- 
second electrocardiogram was recorded from each of the. 
channels. For each transtelephonic recording, the follow-. 
ing were examined: the presence and number of AIC 
prs pee the — Peis thks andr rate hace Alt 

g Al 





0 patients was avail- sity 


: í e patients had I discharge episode 
I D eaha ar per ECG acquisition), 5 patients 
3 patients had 3, and 3 patients had 4. No patient 
recordings of 25 discharge episodes. Patients were 
rally enrolled for a 30-day period. Of the 36 record- 
ischarge episodes, there was a total of 42 actual 
targes. The vast majority were recordings of a single 
harge, but 4 patients had 2 consecutive discharges 
thin seconds of one another and | patient had 3 consec- 
ve AICD discharges, all within seconds. 
The cardiac rhythms that were present at the time of 
D discharge are displayed in Figure 1, A variety of 
achycardia rhythms were captured by transtelephonic 
ctrocardiogram. A wide complex tachycardia consid- 
ed to be ventricular tachycardia (VT) was responsible 
or the AICD discharge on 11 occasions in 4 patients. 
The VT exceeded the respective rate cutoffs of the AICD 
nall cases. A supraventricular tachycardia was seen on 
j occasions in 4 patients. All but 1 of the supraventricu- 
ar tachycardias were sustained and all were above the 
espective AICD rate cutoffs. In 1 patient, paroxysmal 
praventricular tachycardia self-terminated after 8 
econds to sinus rhythm, followed by an AICD discharge 
í seconds later. Rapid atrial fibrillation above the AICD 
ate cutoff was responsible for 5 AICD discharges in 2 
atients. Sinus tachycardia with rates greater than the 
{ICD cutoff was the cause of discharge 4 times in 2 
patients. Unsustained VT of 5- and 7-seconds’ duration 
led to an AICD discharge on 2 occasions in 2 patients. 
`The rate of the unsustained VT was greater than the 
_AICD rate cutoff for both patients. There were no docu- 
-mented examples of AICD discharges for narrow com- 
“plex tachycardias with devices that had probability den- 


| Cardiac Rhythm 


‘poune 1. The cardiac rhythms associated with automatic 
l e (AICD) paar in the 


rhythm: for the ‘entire predischarge | record 


16 occasions in 9 patients. The sinus rhythm ı 
<100 beats/min in ail but I patient inwhomarat 
beats/min was present. All AICD discharges wer 
chronous with the R wave. With 1 exception, the 
rate was less than half the AICD rate cutoff. Ther 
no pacemaker AICD interactions. The time afte 
implant in patients who experienced discharges w 
able, ranging from I to 20 months, and was not c 
in the early postimplant period. 

Figures 2A and B provide an example of sin 
rhythm present at the time of AICD discharge.: No 
the frequent ventricular premature complexes and : 
changes that were present after the AICD discharge. 
most serious postdischarge rhythm that we observed 
severa! seconds of rapid unsustained VT in another p 
tient. Most patients, however, had no ventricular a 
rhythmia after discharge. > 

Of the 11 episodes of VT, only 3 were associated with 
symptoms typical of VT. The other 8 were completely 
asymptomatic until AICD discharge. In these asymp- 
tomatic patients, the VT duration ranged from 12 to 1 
seconds (mean 13 before the shock). In the 3 symptom 
ic patients, the VT duration ranged between 9 and : 
seconds (mean 14). There was no difference in VT rates 
between the symptomatic and asymptomatic group. 
The symptoms quoted by these 3 patients were a sens 
tion of faintness or dizziness in 2 and rapid heart beat 
1. Of the 4 patients who could not record the ev 
symptoms were mild or not present before AICD. 
charge. | 

The currently available AICD system will discharge 
after its rate, and, in some models, morphology, criter 
are met. However, there is no internal memory prog 
to document the rate and type of rhythm that precipit 
AICD discharge. In addition, the current AICD ge 
tor is committed to discharge once the capacitor 
charged, thereby leading to the possibility of firing a 
an appropriate rhythm has self-terminated. For these - 
reasons, inappropriate discharges may occur, but the pre- - 
cise incidence is unknown. Previous studies have suggest- 
ed a t-year spurious discharge risk of 17%,* and up: 
41% of AICD patients may have this problem! 

Ancillary methods are often relied upon to infer 
appropriateness of the discharge in the absence of defini 
VT/ventricular fibrillation symptoms.'3-° These inclu 
symptom assessment, ambulatory ECG recording, and 


exercise testing, as well as phonographic recording of 
AICD sensing tones. All have definite limitations. In this _ 


report, we describe the use of transtelephonic ECG re- 7 
cordings as a method of documenting the cause of oe 
discharges. 


“he following types of rhythms that may result inan 


AICD discharge can be grouped: The first group are- 


tachycardias that exceed the rate. cutoff, including. both. ; 


sustained venules. and süptaventri r cular r tachyçard as 


ees: and supraven- — 


the unsustaine de 












electrocardiographic record- 
» The AICD discharge (arrow) 
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changes that gradually resolved over 10 to 
15 seconds. The ventricular premature 

_ beats resolved within 3 to 5 seconds. The 
asterisk indicates the point where the pa- 























tricular tachycardias. With the current AICD design, 
this is also normal AICD function. The third group are 
hythms that activate the device despite not meeting the 
rate criterion of the individual device. Sinus rhythm 
would fall into this group. This type of finding indicates 
an abnormality of AICD sensing, such as sensing of intra- 
cardiac signals (P wave, T wave, double R wave, pace- 
_maker stimulus), and sensing of myopotentials, lead frac- 
ture or component malfunction, or may be a manifesta- 
tion of enhanced automatic gain control. 
In the present study, all 3 types of cardiac rhythms 
that can precipitate AICD discharge were documented. 
Discharges for rhythms other than sustained VT or ven- 
tricular fibrillation may prompt further investigation and 
treatment. In addition, use of symptoms as a guide to the 
“appropriateness” of AICD discharge would have led toa 
marked underestimation of the frequency of sustained 
VT, thus complicating individual patient management as 
well as interpretation of clinical trials.. Fogoros et al? 
“made similar observations. D S 
The diversity of rhythms respons ible for largely 
asymptomatic AICD discharges described in this report 




















































suggests that ECG documentation is needed for optimal 
management in at least some AICD patients. Until the 
AICD incorporates a reliable telemetry or memory fea- 
ture, external methods will be required. Because this re- 
port describes observations in a selected sample, prospec- 
tive studies of unselected patients would provide more 


definitive data regarding the true rate of inappropriate 
AICD discharges. 





i. Gabry MD, Brodman R, Johnston D, Frame R, Kim SG, Waspe LE, Fisher 
JD, Furman S. Automatic implantable cardioverter-defibrillator: patient survival, 
battery longevity, and shock delivery analysis. J 4m Coll Cardiol 1987:9:1349- 
1356. 

2. Fogoros RN, Elson JJ, Bonnet CA. Actuarial incidence and pattern of occur- 
rence of shocks following implantation of the AICD. PACE 1989:12:1465-1473, 
3. Ballas SL, Rashidi R, McAlister H, Corbelli R, McCowan R, Wilkoff BL, 
Castle LW, Morant VA, Simmons TW, Maloney JD. The use of beep-o-grams i in 
the assessment of AICD sensing function. PACE 1989;12:1737-1748, 2 = 
4. Ruffy R, Smith P, Laseter M, Lal R, Kim SS. Out-of-hospital automatic. 
oy toraman of ventricular E hha J Am a Cardiol binge Ase ar 








6. Echt DS, AA RA. Management of patients wit h the: au ae A inpia tab 
cardioverter /defit ibrillat or, Cl . 














A mong the factors that determine the response a partic- 
#™Gular patient will have to various antihypertensive 
drugs, racial and environmental differences are increas- 
ingly being recognized as important.'* The response to 
angiotensin-converting enzyme inhibitors with and with- 
-out a diuretic in blacks and whites is well documented.3 
However, little information is available regarding the 
response of Orientals.+ This study was designed to com- 
pare captopril (Capoten®, Squibb Korea) as a single anti- 
hypertensive agent and captopril plus hydrochlorothia- 
zide (Capozide®, Squibb Korea) in Korean patients in a 
double-blind, controlled clinical trial to determine if one 
zimen is superior to the other in terms of efficacy or 
ective adverse effects, or both. 

Patients included in this study were Korean men and 
omen aged 21 to 70 years with essential hypertension 
nd an untreated seated diastolic blood pressure (BP) of 
95 to 120 mm Hg. The patients underwent a 1-week 
~- washout period before inclusion criteria were considered. 
- They were selected from persons attending the Hyper- 
‘tension Clinic of Baptist Hospital, Pusan, Korea. Exclu- 
sion criteria included (1) a known hypersensitivity to 
-either captopril or hydrochlorothiazide; (2) history of 
-hypertensive encephalopathy or stroke within 6 months; 
(3) serum creatinine level >1.5 mg/dl; (4) myocardial 
infarction within 6 months or angina pectoris greater 
than New York Heart Association class I; (5) any sec- 
ondary form of hypertension; (6) diabetes mellitus re- 
quiring pharmacologic treatment; (7) patients with 
_ known gout; and (8) pregnancy, or women of child-bear- 
— ing age not practicing birth control. 

_» BP determinations were obtained by trained observ- 
< ers using mercury sphygmomanometers using the fifth 
-> phase (or disappearance) of the Korotkoff sounds in the 
<- Seated position. At each visit BP was checked twice at 5- 
minute intervals and the average recorded. BP was mea- 
© sured 3 to 8 hours after the daily dose of medication was 
taken. 

- Patients were treated with captopril or captopril plus 

. hydrochlorothiazide. After a washout period of 1 week, 
- patients whose diastolic BP ranged from 95 to 120 mm 
: Hg and who met inclusion and exclusion criteria were 
` randomized to 1 of 2 double-blind regimens (captopril 
or captopril plus hydrochlorothiazide). Visits were 
-= Scheduled every 2 weeks and the study period was 8 
= weeks. 

: On the first visit (week 0), each patient was given a 
= supply of green capsules and instructed to take I capsule 
F daily 30 minutes after the morning meal. In nthe he captopril 
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monotherapy group the green capsule contai 
pril, 25 mg, and in the captopril plus hydrochlor 
zide group it contained captopril, 25 mg, and hydroch 
rothiaziae, 12.5 mg. The green capsules were i 
appearance and were prepared by the Departmen 
Pharmaceutical Services, Baptist Hospital, by pharm 
cists not involved in the blinded procedures. At week 4, 
those wita a diastolic BP <90 mm Hg continued to take a 
I capsule daily and those with >90 mm Hg took. 2 k 
capsules daily. o 
Patients were required to return their medication 
packets at each visit. The remaining capsules were 
counted aud patients deemed to be compliant if they had — 
consumed not <80% nor >110% of the prescribed num- 
ber of capsules. Patients were advised to limit sali 
take, but no specific diet control was done. E 
Differences between the 2 drug groups in BP response 
and changes from baseline were compared using the t 
test for 2 independent samples. The chi-square test was 
used to compare differences between the 2 groups in 
terms of percentage of patients reaching the goal diasto 
ic BP. Differences between baseline and end poin 
each group were compared using the t test foi 
data. All statistical calculations were perform 
microcomputer using the Patient Data Statistic 
age (Simkin Inc., Gainesville, Florida). = 
After a 1-week washout period, 31 patient 
tered into the study. In each group, 2 were \ 
from the study because of adverse effects and 1 
to follow-up in each group; 25 of the patients com 1 
the study and are reported on here. - 
The 2 groups were comparable with regard to age, 
weight, initial systolic and diastolic BP, creatinine, glu- 
cose, cholesterol and potassium (Table 1). - 
The BP response of the 2 groups is compared in 
IT. Systolic (p <0.01) and diastolic (p <0.001) BPs: 
significantly lower after initiation of either therapy. 
difference in mean change in systolic and diastoli 
between the 2 groups was significant (p <0.05 for both). 

























































TABLE I Baseline Demographic Data 














Captopril + HCTZ i i z 
(n= 12) ad 


Captopril 
(r= 13) 









Male /female 
Age (year) 
Weight (kg) 
Systolic BP (rom Hg) 
Diastolic BP (ram Hg} 
Creatinine (mg/ di). 

Total cholesterol (mg zd) 



















" ; dination of captopril aiz piäřochioroihiazide f; 


rmalized BP (diastolic BP <90 mm Hg) in 10 of 12 
3%) compared with 4 of 13 (31%) patients in the 
otherapy group (p <0.05). 

"he mean daily dose required to achieve goal BP for 
ril alone (4 of 13) was 38 mg, and for captopril 
ydrochlorothiazide (10 of 12), 33 mg (difference 
nificant). Of the 4 patients whose BP was con- 

with captopril monotherapy, 2 required 50 mg/ 
the 10 whose BP was controlled with combina- 
apy, BP in7 was controlled with captopril 25 mg 
drochlorothiazide 12.5 mg/day, and only 3 re- 
iptopril 50 mg and hydrochlorothiazide 25 mg/ 
mean daily dose of hydrochlorothiazide in 10 
controlled with combination therapy was 16 mg. 
each group, 2 patients discontinued the drug owing 
dverse effects: 1 in each group because of a flushing 
fect, -Lin the monotherapy group because of rash, and | 
te. combination therapy group from indigestion. 
gh was the most frequent complaint in both groups 
ach group) but was not severe enough to discontin- 
» drug in any patient. 

e response of the patients in this study to. captopril 

motherapy is similar to most studies reported." 
ver, the increased response with a small dose of 
ochlorothiazide is higher than that found in most 
ies even though the dose of hydrochlorothiazide used 
much lower.*°° This large decrease in diastolic BP 
topril and low-dose hydrochlorothiazide in these 
patients may well be explained by a high sodium 
[n another study we found a mean 24-hour sodi- 
tion of 233 mEq/day (16 g of sodium chloride) 
orean patients after they were instructed on how 
w sodium diet.* However, this same study shows 
retic alone does not provide this large decrease 
mean dose of hydrochlorothiazide 40 mg/day as 
erapy in 17 Korean patients only decreased dia- 


TABLE ll Effects of Treatment c on \ Blood rd Pressure o 


Captopril + HCTZ | 
(n= 12) £35 


Captopril 
(n= 13) 


Systolic BP 
Baseline 
End 
Diastolic BP 
Baseline 
End 
Change in systolic BP 
Change in diastolic BP 
% reaching therapeutic goal 
(diastolic BP <90 mm 
Hg) 
Values are mean + standard deviation, 
BP = blood pressure; HCTZ = hydrochiorathiazide. 


174420 
138427 | 


166 + 16 
1524 20 


108 +6 
9448 
~14412 
-1447 
31% (4/13) 


10947 
83411 
~36 + 26 
~26 +13 
83% (10/12) 


In Korean patients, captopril, combined with a smal 
dose of hydrochlorothiazide, offers a significantly greate 
reduction in BP than captopril alone and no increase 
subjective adverse effects. Combination therapy wit 
diuretic appears to be an ideal way to use paptopni į 
Korean patients. : 


1. Zhou HH, Koshakji RP, Silberstein DJ, Wilkinson GR, Wood AJJ. Racial : 
differences in drug response: altered sensitivity to and clearance of propranolol mi 
men of Chinese descent as compared with American whites. N Engi J Med. : 
1989:320:565-570. 
2. Kalow W. Race and therapeutic drug response. N Engl J Med 1989;320: = 
589, 
3. Veterans Administration Cooperative Study Group on Antihypertensi 
Agents. Racial differences in response to low-dose captopril are abolished by the. 
addition of hydrochlorothiazide. Br J Clin Pharmacol 1982;14 978-1018. 
4. Jones DW, Sands CD. Racial differences in the response to the treatment of | 
hypertension and effect on selected laboratory values. J Drug Develop 1990;33 n 
press. 
§. Veterans Administration Cooperative Study Group on ‘Kaithiputeas 
Agents. Low-dose captopril for the treatment of mild to moderate hypertensi 
Arch Intern Med 1984;144:1947-1953. 
6. Tuck ML, Katz LA, Kirkendall WM, Koeppe PR, Ruoff GE, Sapir DG. Low- 
dose captopril in mild to moderate geriatric hypertension. JAGS 1986;34:693- 
696. 


city Gradients Across Normal Cardiac Valves 
eth B. Gossler, BSCHe, and Stanley J. Goldberg, MD 


ar stenoses are usually detected initially by auscul- 
ation and then confirmed by measuring a velocity 
ent across a valve with Doppler echocardiography. 
remaining unanswered question regards the maxi- 
iormal velocity gradient. This is a significant ques- 
stenotic valves are associated with an increased 
f bacterial endocarditis.! To approach the issue of 
at constitutes the maximal normal velocity gradient 
measured velocity gradients across valves considered 
physical examination to be normal. 
he study population consisted of. normal healthy 


nteers. and at so eR pediatric cardiology at the a Hit 


University Medical Center. Because normal cardiac 
valves were the subject of this study, all abnormal valves _ 
or valves that might have abnormal flows were excluded. 
For example, a subject with pulmonary valvar stenosis 
was included in the study, but data obtained from the 
pulmonary valve were excluded, whereas data acquired 
from the other 3 valves were included. 

Subjects underwent standard Doppler echocardio- 
graphic examination and the velocity gradients across 
all 4 cardiac valves were measured according to prev 
ously described methods.! Instrumentation consisted. f 
iCVC-1 oe machine and a 3. -MHz tran: 









radient Across the Cardiac Valves 
| Correlation Coefficients for Indexed Cardiac Output, Body 
face Area and Age 

Velocity Gradient 










Correlation 
Coefficients (r value) 









SD 
(cm/s) 





Mean Peak Range 

(cm/s) 
0-25 6.4 
0-31 7.1 


0-28 7 0.03 025 0.25 
3-33 6.9 0.05 049 0.35 


E body surface area; CO! = cardiac output index: SD = standard deviation. 


Col 


0.06 
0.13 


BSA Age 


0.17 0.23 
0.03 0.23 





























distal to the valve. To minimize flow area effects on 
velocity, both sample volumes were located within the 
valve anulus area. The transducer was angled to align 
with flow as demonstrated by obtaining the highest ve- 
ocity within the area of interest. Tricuspid and mitral E- 
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_ wave velocities were examined similarly from 













eC pical — 
4-chamber plane. Velocity gradient across the aort 

valve was measured with the Biosound NDB 256 ech 
graph, using an off-axis suprasternal notch imaging - 
transducer with a short-axis orientation. This method — 
































anulus, parallel to blood flow. Aortic velocity gradi 
were not measured simultaneously because the eq 
ment used did not have the dual sample volume capai 
. Accordingly, peak modal velocity was measurec 
quentially proximal and distal to the valve. 

The ascending aorta was interrogated by Dop 
echocardiography to determine the time-averaged mean 
velocity and the aortic diameter was measured by ; 
dimensional imaging to calculate aortic output after the 
method of Goldberg et al.’ If it was impossible to obtain = 
aortic output, the pulmonary output was substituted a 
ter the method of Loeber et al? Cardiac output we 
indexed to body surface area to compute cardiac outpl 
index. : ak 
Means and standard deviations were calculat: 
each cardiac valve velocity gradient. Correlation 
cients and scatter diagrams were computed for 
locity gradient compared to body surface area 
cardiac output and age. Analysis of variance 
formed to determine if velocity gradients acros 
eral valves were statistically different. a 

Forty-seven subjects (28 normal subjects and 19 
forms of congenital cardiac disease), aged 4 day: 
years, were examined. Of these, 33 tricuspid, 36 r 
40 pulmonary and 18 aortic valves had velocity grac 
that could be measured. Reasons for not acqui 
data from all of the subjects include (1) measurem 
on review, were not obtained within the valve anulu: 
the valve was not suitably imageable, (3) patient dis 
fort when trying to interrogate the aortic valve fror 
suprasternal notch, and (4) known abnormal valve 

Body surface area ranged from 0.20 to 1.81 m? 
= 1.31). Cardiac output was measurable by Doppler 
43 of 47 subjects. Mean cardiac output indexed for bod 
surface area was 3.1 liters/min/m? (range = 1.9 to 6. 
Tabie I contains data for each valve and Figure 1 dem 
strates velocity gradient plotted against body surf 
area. Velocity gradients were similar for persons wi 
known cardiac disease and for patients with cardiac 
case with normal flows through normal valves. Except for | 
the pulmonary valve, no significant correlation was found 
between velocity gradients measured for any valve and 
body surface area, age or indexed cardiac output. For the 
pulmonary valve a weakly significant correlation (r = _ 
0.49) was found between mean peak velocity gradient 
and body surface area. 
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> i ine Ae lowest wey e e at ah a 

can be identified. This judgment must be made 

the basis of the risk that the cardiologist wishes to take 
guard against over- and underdiagnosis. 

One critical aspect of measuring the velocity gradient 

oss- a valve is placing the sample volume within the 

ulus to limit, to the extent possible, effects of 

n velocity as a function of change in area. For the 

of this study, using dual sample volumes posi- 

inder direct imaging enhanced the propacaty 


k y gradi ot du 
kea both velocities could be; Ci 


Sequential measuring of velocity gradient, vev 
possible but may introduce errors because of tempi 
variation. 
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mes Neuroendocrine Arousal by Mental Arithmetic Stress ` 


Ushiyama, MD, Takeshi Ogawa, MD, Masanori Ishii, MD, Ryuichi nese? MD, 


| Sugishita, MD, and Iwao Ito, MD 


I stress results in scripted stimulation 
that may elicit or aggravate myocardial ischemia 
iac dysrhythmias 1 in patients with coronary ar- 
~ase.! A mental arithmetic stress test is a simple 
nduce mild mental stress.*> Several studies have 
ed the effects of arithmetic stress on systemic and 
hemodynamics>+, however, few studies have 
eported regarding neuroendocrine and metabolic 
ses to arithmetic stress. The pur 
ere (1) to quantify the simultaneous neuroendo- 
id hemodynamic responses to arithmetic stress, 


nalyze the relation between these neuroendocrine | 


cardiovascular parameters in healthy volunteers, and 
o provide insights into pathophysiologic mechanisms 
he induction or aggravation of myocardial ischemia 
d cardiac arrhythmia during arithmetic stress. 

venty-six healthy subjects (12. men and 14 women, 
age 52 + 9 years) were studied. None took aspirin 
other drugs known to inhibit prostaglandin or 
boxane synthesis. Subjects refrained from smok- 


“Cardiovascular Division, Department of. Internal Medicine, 
ut of Clinical Medicine, The University of Tsukuba, 1-1-1 Tenno- 
sukuba-city, Ibaraki-ken 305. Japan. Manuscript received Decem- 

989; revised manuscript received and Aene August 13, 


uurposes of this 


ing or caffeine-containing PEETA on the day of F 
study. All gave voluntary, informed consent bene pa 
ticipation in the investigation. 

A Teflon™ catheter was inserted into a vein in the 
antecubital fossa and subjects rested in the supine p 
ture in a quiet room at 26°C for 20 minutes before 
baseline data and blood samples were obtained $ H 
rate was determined electrocardiographically and blooa 


"pressure was assessed by mercury sphygmon 


Each subject performed 7 subtractions from 700 as 
quickly and as accurately as possible for 2.5 minutes 
Blood samples were drawn without a tourniquet befor 
and 2 minutes after subjects began serial subtractions. 
Measurements of systolic and diastolic blood pressure 
and of heart rate were made before, 1 and 2 minutes after 
initiation of, and after completion of the test (Figure 1) 
Because measurement of RR interval variation of the 
electrocardiogram during respiration has been reported” 
to be a quantitative, sensitive and reproducible proce 
dure in the evaluation of cardiac parasympathetic ner- 
vous activity,’ the magnitude of RR interval variability 
was estimated by the standard deviation of the mean’ 
with an RR interval analyzer (Autonomic R-110, Fu 


kuda Denshi). Cardiac parasympathetic activity was’ 


evaluated before, | minute after initiation of, and 3 min 
utes after completion of the test. Blood samples were 


Rest (20 ming) m me | After Stress 


Blood Samples 


. Blood Pressure 


1 min 2 min 3 min 


l l i 


O 





1 Minute 
89+17* 


Control 


69+9 
3.7417 
111415 
6648 
77 415 
14242. 
3.8403 
107 +2 
0.16 +0.10 
0.04 + 0.03 
9314+23 
62 + 28 
121 +122 


2 Minutes 


87 + 16* 
4242.0 
1424 18* 
i488" 
124 + 30* 
14243 
3.840.2 
107 +3 — 

0.25 + 0.13* 
0.09 + 0.07* 
9.7+3.2 
141 + 102* 
1224117 


eart rate (beats / ge 
cv TOS 
“Systoli ic BP (rm Hg) 145 + 16* 
-Di 80 + 10* 
131 + 36° 


arean o i (ng/ miy 

pinephrine (ng/ml) 
‘Glucocorticoid (ie / mi) 
Thromboxane Be (pg /rrit) 
ee Five 


m <0.001 compared with control. 
Values are mean + standard deviation. 

> = blood pressure; CV = coefficient of variation (RR-nterval variability), RPP = 
e pressure bias s 


din F, (n= 21), Electrolytes were mets 
selective electrode method’ and catecholami 
performance liquid chromatography. ° Glucoc 
was assayed by radioimmunoassay procedure 
ing to the method of Nakane et al. Thromb 
and 6-keto-prostaglandin Fia, which are immec 
tabolites of thromboxane A; and prostaglandin 
spectively, were measured by radioimmunoass 
cording to Jaffe et al.!' Data were expressed as them 
+ standard deviation. Statistical significances were 
uated by Student’s t test and linear regression ana 
Heart rate increased significantly 1 and 2 min 
after initiation of the test (both p <0.001 ). RR-in 
variability did not change during the test. Systolic a 
diastolic blood pressure increased significantly 1 and 
minutes after initiation of the test (all p <0.001). Ri 
pressure product (heart rate X systolic blood press 


m 


J norepinephrine 
(ng/ml | 


0 y à m é 
~100 0 100 280 pair) | 


< Thromboxane B; 


-100 0 100 200(pg/me) 


J Thromboxane B>- 


0.1 02 0.3(ng/me) 


J norepinephrine 


f (B) between tf the changes in 


0.3(ng/me) 7 





eased signifi cantly I ane 
st (both p <0.001) (Table I). None of the 
ytes changed significantly during the test. Plas- 
epinephrine and epinephrine increased signifi- 
after initiation of the test (both p <0.001). Plas- 
lucocorticoid did not change significantly during 
st. Thromboxane B increased significantly 2 min- 
ifter starting the test (p <0.001), but 6-keto-pros- 
lin F;, did not change significantly (Table I). 
was a significant correlation between changes in 
> blood pressure and norepinephrine (r = 0.52, p 
, but no significant correlation was noted between 
nges in systolic blood pressure and thromboxane 
1 between the changes in norepinephrine and 
boxane B; (Figure 2, A, B and C). There were 
‘ant correlations between changes in heart rate 
norepinephrine (r = 0.65, p <0.001) and between 
in heart rate and epinephrine (r = 0.66, p 
(Figure 3, A and B). 
thmetic stress elicited increases in heart rate (29%) 
stolic (31%) and diastolic (23%) blood pressure. 
pressure product, an index of myocardial oxygen 
sumption, was also increased (71%). Kosunen‘ report- 
hat mean heart rate increased by 19.7%, systolic blood 
sressure by 10.3% and diastolic blood pressure by 10.3% 
ediately after arithmetic stress for a period of 20 
utes. Our subjects had greater responses of heart rate 
blood pressure to arithmetic stress in comparison 
subjects in the aforementioned report, possibly be- 
use of different test protocols. Because RR-interval 
ability did not show statistically significant changes, 


| because there was a significant correlation between 
anges in heart rate and catecholamines, the enhance- 


7 minutes after start- 


nary vasoconstricting and- 


piateiet-ageregating 
and to potentiate the vasoconstrictor effect of n 


nephrine.®!5 Therefore, the neuroendocrine arousa 


arithmetic stress possibly elicits not only an increa: 
heart rate and blood pressure but also systemic and cori 
nary vasoconstriction and a platelet-aggregating effe 
resulting in an increase in myocardial oxygen deman 
and a decrease in myocardial oxygen supply. Because 


catecholamines and systolic blood pressure, but not: 
tween changes in thromboxane B, and systolic blo 
pressure, catecholamines. seemed to play a more imp 
tant role in the increase in systolic blood pressure. O 
results did not show significant correlation betwe 
changes in norepinephrine and thromboxane Bz, so s¢ cre 


tion of thromboxane A; seemed to be controlled not onl 


by adrenergic stimulation but also by other factors. 
Our data suggest that arithmetic stress elicits in 
creased myocardial oxygen consumption, enhanced sym 
pathoadrenal activity and increased thromboxane A 
synthesis. Thus, there are multiple explanations for- 
provocation or worsening of myocardial ischemia an 
dysrhythmogenesis during mental stress in patients with 
coronary artery disease. 
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ent of sympathetic activity seemed to play an important 
le in increasing heart rate during arithmetic stress. 
_ Inthe present study, neuroendocrine arousal by arith- 
etic stress was characterized by increases in plasma 
orepinephrine and epinephrine, and in thromboxane B». 
cocorticoid and 6-keto-prostaglandin Fie did not 
yange significantly during the test. Adlercreutz et alt? 
orted no significant change in plasma glucocorticoid 
20 minutes of arithmetic stress, which was consis- 
with our results. To our knowledge, there have been 
o reports on the effects of arithmetic stress on thrombox- SNe tara ee eat 
a 7 3 9. Hem atec aan measurements y high-performance liquid c ros i 
ne B2 and 6-keto prostaglandin Fia in healthy subjects. matosraphy. Am J Physiol 1984-247-E13-E20. : 
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ion,' decreased threshold to arrhythmia genera- 
and diminished myocardial efficiency.'* In addition, 
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apillary Fibroel. istonia baad to 
ocardial Ischemia and Infarction 


las H. Israel, Mb, Warren Sherman, MD, John A. Ambrose. MD, 
amin Sharma, MD, Noam Harpaz, MD, and Michael Robbins, Mp 


Pa apillary fibroelastoma is an un- 
$ common cardiac tumor rarely 
jagi 'osed during life. Although most 
re incidental findings at autopsy, a 
mall number of cases have been as- 
sociated with cardiac symptoms that 
clude angina, embolism and sud- 
den death. We describe a case of pap- 
illary fibroelastoma detected angio- 
raphically and shown to cause cor- 
nary obstruction and myocardial 


“A 50-year-old woman without 

oronary risk factors developed ex- 
ertional chest pain 1 month before 
admission. Electrocardiogram was 
normal. On stress testing, she devel- 
oped chest pain with ST-segment el- 
evation in the inferior leads. Q-wave 
myocardial infarction subsequently 
evolved, with a peak ereatine kinase 
of 1,188 (14.5% MB). After further 
episodes of chest pain at rest, the 
patient was referred for cardiac 
catheterization. 

Coronary arteries were angio- 
graphically normal. After the pigtail 
catheter was passed into the left ven- 
tricle, the patient developed her typi- 
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cal chest discomfort, with inferior 
ST-segment elevation. Left ventric- 
ulography revealed poslersbacal hy- 
pokinesia, without opacification of 
the right coronary artery. The right 
coronary artery was recannulated 
and selective injection filled the ar- 
tery normally, but with markedly 
delayed distal runoff. Cstial ob- 
struction was suspected, and an aor- 
togram, performed to better visual- 
ize the ostium, revealed no filling 
(Figure 1). Several moments later, 
the patient's chest pain resolved and 
the electrocardiogram reverted to 
baseline. Recannulation of the right 
coronary artery at this time showed 
normal opacification and runoff. 
However, chest pain recurred spon- 
taneously minutes later and repeat 
injection again revealed absent dis- 
tal runoff. On review, the cine 
showed a filling defect that moved 
with the aortic valve and prolapsed 
toward the right coronary ostium. 
Thus, with ongoing evidence of myo- 
cardial ischemia, and a suspected 
aortic valve mass, the patient under- 
went aortic root exploration. At sur- 
gery, a pedunculated mass, 1.5 cm in 
diameter, was found attached to the 
upper margin of the right coronary 
cusp of the aortic valve, overlying 
and obstructing the right coronary 
ostium. 

Microscopic analysis revealed a 
hyalinized, multilobulated pedicle 


FIGURE 1. Aortogram showing a lu- 
cency in the right aortic sinus.. There is 
and on cine film lucency can be seen 
prolapsing in and out of right coronary 
ostium. When injection was made, pa- 
tient had chest pain with ischemic 
changes on electrocardiogram. 


ules of fibroelastic tissue 
of condensed, Aha elas 


coisieting of lobules of slastic sd 

and collagen, and the more delicate 
fonds of collagen only. Each fror d 
was invested by a single layer of flat 


endothelial-like cells, beneath which Pe 


was a distinct light-blue myxoid lay- 
er that stained with Alcian blue. 
Papillary fibroelastoma consti- 
tutes less than 1% of all primary in- - 
tracardiac tumors.'! Most often 
found attached to heart valves, such 
tumors are usually <1 cm in length, 
with a distinctive histologic pattern 
consisting of a fibrous pedicle s 


have been published i in the world 
but only a fraction have been assoc 
ated with symptoms. Three cases 
papillary fibroelastoma have been 
ported at autopsy in patients who ha 
had a history of stroke,>-> althoug 
direct cause and effect relations were 
not proved. More convincing. ¢ 
dence of embolism was presented ir in 
report of sudden death in a man wit 
an aortic valve tumor and a left ar 
rior descending artery embolus com 
poses of histologically identica 
sue.© Other cases of sudden deat 
possibly due to coronary obstructio 
have been reported.’* A small num- 
ber of other case reports implicat = 
papillary fibroelastoma as the caus 
of angina pectoris” or episodic cyai 
sis due to right ventricular outfl i 
tract obstruction. !° | 
To date, there have been 6 previ 
ously reported cases of papillary fi 
broelastoma detected during life, 
‘4 usually discovered incidentally 
during echocardiographic investiga- 
tion of other underlying cardiac dis-. 
orders.'*-!4 In one of the reported 
cases,'* cardiac catheterization re 
vealed an aortic root lucency in a 
year-old man with episodes of no 
ertional chest pain and angiograp! 
cally, normal corona 





SS 


JRE 2. Papillary fibroelastoma consisting of thick pedicle and papillary fronds 
by flat endothelial-like layer (hematoxylin-eosin stain, X40). 


ction was an obvious etiology for 
e patient’s symptoms, at surgery 
one could not show mobility of the 
mass into either coronary ostium, in 
contrast to our case. 
In the patient reported here, an 
aortic valve papillary fibroelastoma 
discovered at angiography as a 
ing defect in the right aortic sinus. 
fo our knowledge, this is the only 
case where there is definite symp- 
omatic, electrocardiographic, enzy- 
matic and gross intraoperative evi- 
dence of papillary fibroelastoma re- 
sulting in myocardial infarction. The 
actual mechanism of infarction is not 
entirely clear. Embolization of tu- 
or fragments or thrombotic materi- 


al cannot be excluded, but it is possi- 
ble that the tumor prolapsed into the 
right coronary ostium, as it did dur- 
ing the catheterization, perhaps 
guided in part by the increased force 
and velocity of ejection of blood dur- 
ing the patient’s exercise test. We 
therefore have provided for the first 
time definite arteriographic evidence 
of dynamic coronary obstruction by 
tumor as the cause of chest pain with 
electrocardiographic evidence of 
myocardial ischemia. As excision of 
such tumors is now feasible, papillary 
fibroelastoma should be considered 
as a rare but curable cause of myo- 
cardial ischemia. When indicated, 2- 
dimensional echocardiography and 


aortic root angiography may | be he 
ful in establishing the diagnosis 
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= O’Rourke and Pohost, as J. Willis Hurst states, know 
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= This multiauthored (49) book, the first of a new series 
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. catheterization. . .and the growing field of interventional 
_ cardiology.” 
- The Bashore book is more expensive and contains far 
-Jess information than the Grossman and Baim book. 
The multiauthored Serruys et al book describes the 
effects of balloon-induced myocardial ischemia on the 
electrocardiogram, coronary blood flow dynamics, cardi- 


on the title page as “Ischema.” 
The multiauthored Abela book 
describes the most up-to-date 
technelogy and procedural ap- . 
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q Horowitz LN, editor. Current Management of 
hmias. Philadelphia: B.C. Decker, Inc., 1991:436, 


his multiauthored book summarizes recent develop- 

n diagnosis and management of cardiac arrhyth- 
ach chapter presents the views of the authors of 
apter rather than a compilation of many views. 
Saksena S, Goldschlager N, editors. Electrical 
y for Cardiac Arrhythmias, Pacing, Antitachy- 

evices, Catheter Ablation. Philadelphia: W.B. 

Company, 1990:731, $95.00. 
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Current Concepts and Management. St. Louis: 
y Year Book, 1990:521, $75.00. 
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and Company, 1990:379, $40.00. 
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ese 3 volumes have it all. They require time and 
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This beautifully prepared book contains 37 chapter 
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beautifully prepared. Sortie of Leon Schlossberg’ s draw- 
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also are good, but I prefer the book by the Baltimore 
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of Adult Cardiac Surgery. New York: Churchill Living- 
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consequence is much wasted space. _ 

33. Waldhausen JA, Orringer MB, editors. Compli- 
cations in Cardiothoracic Surgery. St. Louis: Mosby 
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Old Dilemmas. Dordrecht: Kluwer Academic Publish- 
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rauma” and they illustrate findings in 75 cases. These 
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~tomicrographs. The authors concluded that “the conduc- 
tion system was abnormal in all (their italics) cases stud- 
ied.” The epicardial coronary arteries in their cases were 
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-the morphologic aspects of arrhythmias and conduction 
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= atomic descriptions of conduction tissue abnormalities, 


there is little in either book useful to clinical cardiologists. 
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though it is intended primarily for house officers and 

diology fellows, ther r een here for the clinical 


of of. : clinical trials i is ‘stressed L My only c criticism of f the 


at the a of each chap er under “ : 
More effort could have gone into selec 
standiag sources, including the classics, O 
subjects under discussion. = ge 

The Goldberger book is a revision óf heb book 
book cf Clinical Cardiology, which appeared i 


1982 product. The Sokolow et al book is a revisio 
one appearing in 1986. The Kloner-edited book 
sion of his 1984 first edition. For interns, residents 
cardiology fellows, the price of the Kloner book is $3 
All 3 are intended primarily for non-cardiologists Se 
cardiclogic information. 

42. Roberts WC, editor, Mason DT, Rackl 
Willerson JT, Graham TP Jr, and Karp RB. es 
1990. Boston: Butterworth, 1990:494, $75.0 

For some reason I continue to mention th 
book in this column every year. The book is not 
known because the publisher has few cardiology title 
book is not presented on publishers’ row at the i 
cardiclogic meetings in the USA, and maybe the ù 
have a few deficiencies. Nevertheless, take a pee 
will find 802 articles, each appearing in 1989, 
rized, and those on the same subject are lumped 
To assist in the reading are 126 figures and 66 
Despite some biased views, I highly recommend 1 
book. | 

43. McDougall JA with recipes by McDou 
The McDougall Program. Twelve Days to Dyr 
Healih. New York: NAL Books, 1990:436, $19.9 

44. Ornish D. Dr. Dean Ornish’s Program for Reve. 
ing Heart Disease. New York: Random Hi 
1990:631, $24.95. : = 

Dr. George Burch once said that “every doctor sl 
read a diet book before he[she] retires.” During. 
few vears I have sought out diet books and no 
about 50 of them. The 2 titles above are among 


1985: book entitled McDougall 's Medicine. A “Challe 
ing Second Opinion in which he provides the evidence 
the role of dietary fat in certain cancers, osteopo 
systemic hypertension, diabetes mellitus, certain ty] 
arthritis, and some urinary disorders. His preset 
describes his 12-day plan for reversing some se 
nesses. This approach is not popular with some physici 
but Dr. Nathan Pritikin was ahead of his time and | 
sons like McDougall are similar advocates. . 

Ornish’s l-year study using a pure vegetarian diet plu 
other endeavors appeared in Lancet in 1990, and th 
book provides a step-by-step guide into his | program fo 
preventing and reversing heart disease. He is the autho 
also of the 1982 book called Stress, Diet & Your He. 
McDougall and Ornish are on the enen road and we 
to get on it also. 
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TOTAL 


<35. 


mg/dL 


What’s a common 
denominator 

of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,' and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 


HDL 
under 
35 mg/dL 


64% 
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_ Atrioventricular Block Complicating Inferior 
| Jall. Acute Myocardial Infarction Treated with 


apy 
er Clemmensen, Eric R. Bates, Robert M. Califf, Mark A. 
y, Lynne Aronson, Barry S. George, Kerry L. Lee, Dean 
reiakes, Gerald Gacioch, Eric Berrios, Eric J. Topol, and 
AMI Study Group 


3 clinical implications of complete atrioventricular block 
complicating inferior wall acute myocardial infarction treated 
perfusion therapy were studied in 373 patients with a 
yronary artery infarct. Despite initial successful reperfu- 
omplete AV block was frequent, and, compared with 
patients without complete AV block, was associated with sig- 
icantly more ventricular fibrillation, sustained hypotension, 
congestive heart failure, pulmonary edema, impaired recovery 
eft ventricular function and a higher in-hospital mortality 























































c Importance of Delayed Q-Wave Evolution 3 
to 24 Hours After Initiation of Thrombolytic Therapy 
‘Acute Myocardial Infarction 
rk J. Eisenberg, Gabriel |. Barbash, Hanoch Hod, Arie 
oth, Amir Shachar, Lea Zolti, Babeth Rabinowitz, Elieser 
aplinsky, Shlomo Laniado, and Michaela Modan 


he evolution of Q waves was timed in 172 of 201 patients 
ving thrombolytic therapy for a first acute myocardial in- 
ion. Prognosis of patients with delayed Q-wave develop- 
31) was similar to that of patients with a non-Q-wave 
29), with a smaller creatine kinase peak, better preser- 
of left ventricular function, a lower incidence of conges- 
eart failure and a lower in-hospital mortality rate. 


ta- 1 e Tomographic imaging After 
an Meanie James R. Corbett, Marvin S. Akers, 

imakur Kulkarni, Michael N. Sills, Mark Kremers, 
Maximilian Buja, Marc Durant-Reville, Robert W. Parkey, 
ames T. Willerson 


gional cardiac adrenergic stores were assessed in 27 patients 
cute myocardial infarction with I-123 meta-iodobenzyl- 
dine using a dedicated 3-detector tomograph. Data sug- 
at after AMI in humans (1) the abnormality in adrener- 
ion is more extensive than the associated abnormality 
ocardial perfusion; (2) anterior wall AMI is associated 
-disruption of cardiac adrenergic function than 
(3) severity of adrenergic function correlates 
eft ventricular dysfunction; and (4) abnormali- 
gio l adrenergic function ma’ be associated with pres- 
: lar ectopic activity after AMI. 








J oual 


Peale 


vasculopathy was evaluated in 73 consecutive heart transplant 


: onal Cardiac Adrenergic Function Using -123 | a gem 
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insensitivity of Noninvasive Tests to Detect Coronary 
Artery Vasculopathy After Heart Transplant 

Frank W. Smart, Christie M. Ballantyne, Beth relies sek 
John A. Farmer, Michael E. Sekela, George P. Noon, and. 
James B. Young 






The ability of many different studies to detect coronary artery 


recipients with angiographically or autopsy-proved disease 
(50% luminal or 70% cross-sectional narrowing). Although 
sensitivity of these tests was low, specificity and negative pre- 
dictive value were high. Routine use of these noninvasive tests — 
to detect coronary artery disease after heart transplant should. . 
be considered. Other noninvasive testing methods may prove | 
more sensitive indicators of this problem. : 










































Comparative Effects of Overweight on Cardiovascular 
Risk in Younger Versus Older Men 
Brent M. Egan, David R. Bassett, and Walter D. Block 


The relation of age and body mass index to atherosclerosis ri 
factors was examined in 357 men. Data indicate that old 
men have greater values for several cardiovascular risk factors 
than do younger men. Overweight increases the prevalence: of 
cardiovascular risk factors more in younger men. 5a 
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Immediate and Short-Term Results of a 1988-1989. 
Angioplasty Registry 

Francis Stammen, Jan Piessens, Matty Vrolix, James J. 

Glazier, Hilaire De Geest, and Jos L. Willems 





The records of 507 consecutive patients undergoing a first per- 
cutaneous transluminal coronary angioplasty were reviewed, 
Results suggest that, despite the often advanced and anatomi- 
cally complex coronary artery disease in many patients pre 
senting at this center, favorable and immediate short-term re- 
sults can be achieved, particularly with the use of a new rail- 
type dilatation system. 


CONGESTIVE HEART FAILURE 


BOD a ee 
Sustained Reduction in rori en an 


Michele A. Hamilton, Lynne W. Stevenson, John $. C 
Jaime D. Moriguchi, Julie Walden, and Mary Woo — l 


Acute alteran moannen p therapy, can seo iets h 





er After Balloon i Mitral Valvuloplasty 
Ju-Pin Pan, Shoa-Lin Lin, Jorge Uy Go, Tsui-Leih Hsu, Chung- 
Yin Chen, Shih-Pu Wang, Benjamin N. Chiang, and Mau-Song 
Chang 



















To assess which, if any, clinical or hemodynamic variables and 
‘morphologic characteristics of the mitral valve could predict 
the persistence of mitral regurgitation | year after balloon mi- 
ral valvuloplasty, we studied 59 consecutive patients with 
noderate-to-severe symptomatic mitral stenosis undergoing 
MV. At l-year follow-up,-some patients may have decreased 
severity of MR, and clinical or hemodynamic variables and 
morphologic characteristics-did not predict the progression, or 
regression, of MR for any patient. 






























Reference Values and Reproducibility of Doppler 
c y in the Assessment of the Tricuspid 
jalve and Right Ventricular Diastolic Function in 


faurice P. Pye, Stuart D. Fringle, and Stuart M. Cobbe 


Doppler echocardiographic mdexes of the tricuspid and mitral 
alves were assessed in 74 normal subjects. A reproducibility 
tudy was also performed to examine various sources of techni- 
-cal and biological variability. The normal Doppler flow charac- 
-teristics of the tricuspid valve are documented in detail and 
: compared with normal mitral flow measurements in the same 




































Left Ventricular Size, Mass and Function in Relation to 
the Duration and Quantity of Heavy Drinking in 
Markku Kupari, Pekka Koskinen, and Antti Suokas 


To assess whether the degree of alcoholic cardiomyopathy re- 
jates to the duration and severity of heavy alcohol consump- 
“tion, we recorded the past and present drinking habits of 78 
chronic alcoholics and compared echocardiographic data and 
-systolic time interval determinations with those obtained from 
34 healthy nonalcoholic control subjects. Although univariate 
- analyses suggested a curvilinear relation between the duration 
-of heavy drinking and left ventricular hypertrophy, multivari- 
ate analyses suggest that there is no simple linear dose-injury 
“relation in the long-term cardiotoxicity of ethanol. 


odyr A SEAE ER denote aera iar 
Lameh Jeter and Stephen E. Epstein 


Electrophysiologic and hemodynamic studies were performed 
in 30 survivors of sudden cardiac arrest with hypertrophic car- 
diomyopathy. These studies identify potential mechanisms for 
-cardiac arrest in most patients with HC, and provide a critical- 
‘important guide to therapy. 




















Echocardiography in in the. , 

Atrial Septal Defect in the Adult 
Rajendra H. Mehta, Frederick Helmcke, Navin C. Nand 
Pinheiro, Tandaw E. Samdarshi, and Vinod K. shah E 









rately detected the presence of an atrial septal defect in. 
50 adults proven by surgery or cardiac catheterization: It 
rectly categorized all patients with ostium secundum and ost 
um primum ASD but misdiagnosed 3 of 5 patients with: surg 
cally proven sinus venosus ASD. Good correlation was also 
found between pulmonary artery systolic pressure obtained 
color-guided continuous-wave Doppler and cardiac cathete 
ization. Pulmonary to systemic blood flow ratio obtains 
Doppler interrogation of right and left ventricular ou 
tracts did not correlate well with cardiac catheterizatic 
results. 

















MISCELLANEOUS 


Congestive Heart Failure, Coronary Events and 2a 
Atherothrombotic Brain Infarction in Elderly E lac ck 
and Whites With Systemic Htypertenslen = soeraghe | 


Without Echocardiographic and 

Evidence cf Left Ventricular aroy. 
Wilbert S. Aronow, Chul Ahn, Itzhak Kronzon, and Morde 
Koenigsberg 


A prospective study of elderly blacks and whites with’ sys 
hypertension correlated the incidences of congestive heart fail- 
ure, coronary events and atherothrombotic brain infarctio 
Incidences cf CHF and coronary events were not signific intly 
different in blacks and whites, but the incidence of ABI W 
38% in blacks and 21% in whites. 


CARDIOVASCULAR PHARMACOLOGY 
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Evaluation of the Pharmacokinetics and 

Electrocardiographic Effects of Intravenous Verapamil 
with Intravenous Calcium Chloride Pretreatment in 

Normal Subjects 

Marieke Dekker Schoen, Robert B. Parker, Timothy J. Hoon 

Robert J. Hariman, Jerry L. Bauman, and Karen J. Beckman _ 













To evaluate the effects of calcium pretreatment on the disposi- a 
tion and electrocardiographic effects of verapamil, 8 healthy — 
subjects received treatment in each of 3 phases—calcium, ve- 

rapamil and calcium-verapamil—in a randomized, double- 
blind, crossover manner. In doses frequently used in a clinical 
setting, calcium and verapamil produced opposing effects on 

the sinus rate and arterial blood pressure, but not on atrioven- 
tricular conduction, indicating that the atrioventricular nodal - 
and thus antiarrhythmic effects of verapamil are preserved de: 

spite pretreatment with calcium. ee 


aler  Echocardiographic Fi Findings i in Normal- 
oning St. Jude Medical and Bjo : -Shiley 
ch in the Tricuspid Valve Position 
s Marti, Francesc Carreras, Xavier Borrás, and Guillem 
-Lladé 


elation of the Physiologic Parameters of a 
ous Ramp Versus an Incremental James 
cise Protocol i in Normal Children 
. Tanner, Charles T. Heise, and Gerald Barber 


s Kot it basa After Transesophageal 


jony G. Messina, Mary Paranicas, Steven Fiamengo, Fun- 
ao, Karl Krieger, O. Wayne Isom, and Richard B. 


, Fyfe, Paul A. Daly, Paul Dorian, and Judith Tough 


tent Left Fifth Aortic Arch with Complex 
ce L. Gibbin, Frank M. Midgley, Barry M. Potter, and 
oR. Martin 


pi i Valve Honk Due to Pulmonary Hypertension 
ary to Left Atrial Myxoma 
P. Cecil and Mark E. Silverman 


tic Peptide 
Pericardial # Heart Disease 


Ejection Fraction and Induced Sustained Ventricular 
Tachycardia 


Endomyocardial Biopsy i in Cardiac Transplant 
Recipients Using the Femoral Venous Approach 


Vasomotor Properties of Internal Mammary Arteries, 
a Vein Bypass Grafts and Native Orona 


Fibrillation t to Sinus Rhythm 


penton Short Bouts of Exereise Really Produce the 
Same Benefits as Single Long Bouts? | 


327 . 
Can the -Doppler Stress Test Detect 
da irange 

Cardiac Transplantation and Cancer 


Atrial Septal Aneurysm as a “Newly Discovered” 
Cause of Stroke in Patients with Mitral Valve Pro 


Interaction Between Amiodarone and Phenytoin 


The Sleep Electrocardiogram at Extreme Altitudes 
Right Ventricular Diastolic Function in Children 

330 hee , ok 
Sudden Death Associated with Exercise: The Risk- 
Benefit issue 

Subgroup Analysis ysi of Clinical Trials 
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a ee ee eT ea ST ate a ee noyeY Soe eeaner nero 
Complete Atrioventricular Block Complicating Inferior Wall 
Acute Myocardial Infarction Treated with Reperfusion Therapy 
Peter Clemmensen, Eric R. Bates, Robert M. Califf, Mark A. Hlatky, 
Lynne Aronson, Barry S. George, Kerry L. Lee, Dean J. Kereiakes, Gerald 
Gacioch, Eric Berrios, Eric J. Topol, and the TAMI Study Group 


The clinical implications of complete atrioventricular (AV) block compli- 
cating inferior wall acute myocardial infarction treated with reperfusion 
therapy were studied in 373 patients with a right coronary infarct artery. 
The initial patency rates of the infarct artery in patients who developed 
complete AV block and in those who did not were identical (90 and 91%, 
respectively). Despite initial successful reperfusion, complete AV block 
was frequent (13%) and was associated with an in-hospital mortality rate 
higher than that of patients without this complication (20 vs 4%, p 

<0.001). Development of complete AV block was associated with signifi- 

cantly more ventricular fibrillation, sustained hypotension, congestive 

heart failure and pulmonary edema. Comparison between ventriculo- 

grams recorded acutely and before hospita! discharge showed more im- = 
paired recovery of left ventricular function in patients with complete AV = 5 9 rs 
block: global ejection fraction (—3.5 vs —0.4%, p = 0.03) and infarct zone 

wall motion (—0.14 vs +0.24%, p = 0.05). Thus, complete AV block isan | 


ominous sign despite initial successful reperfusion. 





Prognostic Importance of Delayed Q-Wave Evolution 3 to 24 
Hours After Initiation of Thrombolytic Therapy for Acute 
_ Myocardial Infarction 
Mark J. Eisenberg, Gabriel |. Barbash, Hanoch Hod, Arie Roth, Amir 
“Shachar, Lea Zolti, Babeth Rabinowitz, Elieser Kaplinsky, Shlomo 
Laniado, and Michaela Modan 








The timing of Q-wave evolution and its prognostic significance was stud- 
ied in 201 patients who received thrombolytic therapy for a first acute 
myocardial infarction (AMI). One hundred forty-one patients (70% ) had 


pew 








. i wae AMI had a sviialler talw Kinase oak ( mean 661 to. : , : 
l O81 vs 1,251 to 1,541 IU; p = 0.005), better preservation of left ventricu- 


lar function as measured by radionuclide ventriculography before dis- 
charge (54 + 11% vs 47 + 13%; p <0.01), a lower incidence of congestive 
heart failure at discharge (3 vs 15%; p = 0.02), and a lower in-hospital 
mortality rate (5 of 141 vs 0 of 60; difference not significant), 
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Regional Cardiac Adrenergic Function Using 1-123 Meta- 
lodobenzylguanidine Tomographic Imaging After Acute 
Myocardial Infarction 

A. lain McGhie, James R. Corbett, Marvin S. Akers, Padmakur Kulkarni, 
Michael N. Sills, Mark Kremers, L. Maximilian Buja, Marc Durant-Reville, 
Robert W. Parkey, and James T. Willerson 


Regional cardiac adrenergic stores were assessed in 27 patients after acute 
myocardial infarction with I-123 meta-iodobenzylguanidine (MIBG) us- 
ing a dedicated 3-detector tomograph. Reduced MIBG uptake occurred in 
the areas of infarction (0.4 + 0.3 counts / pixel/mCi X 103) compared 
with the border zones (0.6 + 0.3 counts/pixel/mCi X 103) and the zones 
distant (0.9 + 0.4 counts/pixel/mCi X 103) from the infarct zone, p 
<0.001. The MIBG defect score (52 + 22% ) was greater than the associ- 
ated thallium-201 perfusion defect score (23 + 18%, p <0.001). The 
severity of the MIBG defect score correlated inversely with the predis- 
charge left ventricular ejection fraction, r = —0.73, p <0.001. 
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insensitivity of Noninvasive Tests to Detect Coronary Artery 
Vasculopathy After Heart Transplant 

Frank W. Smart, Christie M. Ballantyne, Beth Cocanougher, John A. 
Farmer, Michael E. Sekela, George P. Noon, and James B. Young 


To detect the coronary artery vasculopathy that develops frequently after 
heart transplant, routine surveillance noninvasive tests are often used. The 
ability of a variety of studies to detect coronary artery vasculopathy was 
evaluated in 19 of 73 consecutive heart transplant recipients with angio- 
graphically or autopsy-proved disease (50% luminal or 70% cross-section- 
al narrowing). Positive predictive value for coronary artery vasculopathy 
of gated wall motion study was 32%, Holter monitor 53%, echocardio- 
gram 39%, exercise electrocardiogram 21%, and oral dipyridamole thalli- 
um scan 33%. Although sensitivity of these tests was low, specificity and 
negative predictive value was high (>75% for each test). Routine use of 
these noninvasive tests to detect coronary artery disease after heart trans- 
plant should be reconsidered, Other noninvasive testing modalities may 
prove more sensitive indicators of this problem. 
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Comparative Effects of Overweight on Cardiovascular Risk in 
Younger Versus Older Men 

Brent M. Egan, David R. Bassett, and Walter D. Block oe 
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oe sid’ f p Tana] o niy af hypertension cholesterol e 
values >200 mg/dl and triglyceride levels >150 mg/dl. Among men >45 


years, overweight significantly increased only the prevalence of fasting 
and 1-hour hyperinsulinemia. These data indicate that overweight af fects 
risk factors more adversely in younger men. 
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Immediate and Short-Term Results of | a 1988-1989 Coronary 
Angioplasty Registry 

Francis Stammen, Jan Piessens, Matty Vrolix, James J. Glazier, Hilaire 
De Geest, and Jos L. Willems 


The records of 507 consecutive wea tents undergoing. a first percutaneous 
transluminal coronary angioplasty (PTCA) at our center between Octo- 
ber 1988 and May 1989 were reviewed. Dilatation of 734 critical coronary 
lesions were attempted with success in 90%. The majority of these lesions 
(69%) were judged to be anatomically complex and dilatation of these 
latter lesions was. performed with the rail-type system almost exclusively. 
Primary clinical success at angioplasty was achieved in 480 patients 
(95%). The event-f g oe in 497 Deen, followed up for a mean nof oe > + 


Congestive Heart Failure ssn anal to > Dilated (Ischemic or 
idiopathic) Cardiomyopathy 

Michele A. Hamilton, Lynne W. Stevenson, John S. Child, Jaime D. 
Moriguchi, Julie Walden, and Mary Woo 


To determine if initial reductions in mitral and tricuspid regurgitation and 
atrial volumes caused by acute afterload reduction therapy can be sus- 
tained with long-term oral therapy, 2-dimensional and color-flow Doppler 
echocardiography was performed in 14 patients with congestive heart 
failure before and after 3 + 1 days of intensive vasodilator and diuretic 
therapy tailored to hemodynamic goals and again after 6 + 2 months on 
an oral regimen. Mitral and tricuspid regurgitation, determined by color- 
flow fraction, initially decreased by a mean of 41 and 59%, respectively (p 
<0.001 ); this reduction was sustained at 6 months. Significant decreases 
in mean left and right atrial volumes occurred with acute therapy, with 
further reductions at 6 months (p <0.001). Congestive symptoms and 
signs were ako markedly improved at 6 months sips <0. ue. In conjunction 


































Frequency and Severity of Mitral Regurgitation One Year After . 
- Balloon Mitral Vaivuloplasty | 
Ju-Pin Pan, Shoa-Lin Lin, Jorge Uy Go, Tsui-Leih Hsu, Chung-Yin Chen, 

Shih-Pu Wang, Benjamin N. Chiang, and Mau-Song Chang 












Progressive change in mitral regurgitation (MR) after balloon mitral 
valvuloplasty (BMV) was evaluated by Doppler echocardiography in 59 
patients with mitral stenosis. Immediately after BMV, 24 patients (41%) 
-had no MR and in 6 patients (10%) MR remained at 1+. MR increased 
by 1+ in 23 patients (39%), by >2+ in 4 patients (6.7%) and decreased by — 
1+ in 2 others (3.3%). At 1-year follow-up, | patient required valve 
replacement, most patients (88%) had no further change in MR and 6 
patients (10%) even showed a 1+ decrease in severity of MR when 
: compared with results immediately after BMV. An increase of MR <2+ 
is frequently seen in patients undergoing BMV, and only a small number 
of our patients (6.7%) developed severe MR (23+). Clinical or hemody- | 
- pamic variables and morphologic characteristics of the mitral valve could 
not predict the development of significant MR after BMV. i 

































269 _ oer 
i Reference Values and Reproducibility of Doppler- 
Echocardiography i in the Assessment of the Tricuspid Valve 
and Right Ventricular Diastolic Function in Normal Subjects 
Maurice P. Pye, Stuart D. Pringle, and Stuart M. Cobbe — | 











Th je Dapet echocardiographic indexes of the tricuspid and mitral valves i 
were assessed in 74 normal subjects (35 women and 39 men, mean age 45 
© years). A reproducibility study was also performed to examine the various — 

-< sources of technical and biological variability. There were significantly 
< higher peak early and late flow velocities across the mitral valve than 
across the tricuspid valve (0.67 + 0.13 and 0.47 + 0.12 VS. 0.51 + 0.08 and 
0.35 + 0.09 m-s~!, respectively; all p <0.0001). There was no significant 
difference between the early:late (E:A) ratios of the 2 valves (1.65 + 0.73 
vs 1.75 + 0.67, p <0.1). There was a steeper mitral early deceleration 
slope (— —3.59 + 1.07 vs —2.95 + 0.91 m-s~*) but no significant difference 
in pressure half-times across the 2 valves (47 + 7 vs 51 + 12 ms, p <0.1). 
No influence of gender or body surface area could be demonstrated. There | 
was a weak but significant inverse relation between mitral peak early 
velocity and E:A ratio and age (r = —0.39, p <0.001 and r = —0.245, p 
<0.01, respectively). There was no significant correlation between any of 
the tricuspid flow parameters and age. The present study documents in — 

- detail the normal Doppler flow characteristics of the tricuspid valve and 

ae; ie them with the normal mitral flow parameters in the same 
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heft! Ventricular Size, Mass and Function | in Relation to the 
a ‘Duration and Quantity of Heavy Drinking in Alcoholics © 
Markku Kupari, Pekka Koskinen, and Antti Suokas 






We studied 78 chronic alcoholics by echocardiography and systclic ime” 
intervals and recorded their past and present drinking habits to assess 
whether the degree of alcoholic heart muscle disease relates to the dura- 
“tion and severity of heavy alcohol use. The alcoholics had a higher left — 
ventricular mass index, thicker posterior wall, longer end-systolic diame- __ 
ter index, and a higher preejection period /ejection time ratio than did 34 
healthy nonalcoholic control subjects. In multiple linear regression analy- 
ses, these measurements were unrelated to the drinking history of the | 
alcoholics, except that posterior wall thickness related weakly to the over- 
all duration of heavy drinking (correlation coefficient 0.36, p = 0.01). 
Nonlinear regression methods suggested that there was, if anything,a | 
curvilinear relation between the duration of heavy drinking and left ven- _ 
tricular hypertrophy and dysfunction. | 
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L Hemodynamic and Electrophysiologic Evaluation of Patients 

with Hypertrophic Cardiomyopathy Surviving Cardiac Arrest 
Lameh Fananapazir and Stephen E. Epstein 





Electrophysiologic and hemodynamic studies were performed in 30 survi+ 
vors of sudden cardiac arrest with hypertrophic cardiomyopathy. Potential 
causes of sudden cardiac arrest were found in all patients: (1) 21 patients — 
(70%) had an inducible sustained ventricular arrhythmia; of these, 8 _ 
patients also had basal left ventricular outflow tract obstruction, 2 had 
infra-Hisian block, 1 had symptomatic sinoatrial disease, 2 had paroxys- 
mal atrial fibrillation, and 2 had myocardial ischemia during exercise, (2) 
4 had atrial tachycardia resulting in hypotension; (3) 2 had symptomatic 
sinoatrial disease (complicated by left ventricular outflow tract obstruc- Be 

-tion in 1); and (4) 3 had rate-related myocardial ischemia associated with | = 
hypotension. Electrophysiologic plus hemodynamic-guided therapy in- E 
cluded implantation of a defibrillator in 19 patients, pacemaker insertion 
in 5 patients, verapamil and propranolol im the 5 patients with myocardial 

ischemia, catheter ablation of a concealed posteroseptal pathway in 1 

patient and antiarrhythmic therapy in 3 patients with atrial and 4 patients 
with ventricular arrhythmias. During a mean follow-up period of 18 + 19 
months, 4 patients died suddenly, and 4 patients received 13 defibrillator 

- shocks (event-free rate: 80%). Thus, electrophysiologic and hemodynamic 
studies reveal potential mechanisms for sudden cardiac arrest in most 
patients with hypertrophic cardiomyopathy, and provide a critically im- — 

portant guide to therapy. 
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-Uses and Limitations of Transthoracic Echocardiography in t 

~ Assessment of Atrial Septal Defect in the Adult = == 
Rajendra H. Mehta, Frederick Helmcke, Navin C. Nanda, Luiz Pinheiro, — 
Tandaw E. Samdarshi, and Vinod K. Shah a 2 


Two-dimensional and color Doppler echocardiography correctly catego- 
rized all ostium secundum and ostium primum atrial septal defects but > 
misdiagnosed 3 of 5 surgically proven sinus venosus defects in 50 adults. 
= Shunt flow volumes calculated by pulsed Doppler interrogation of color = 
“flow signals across the defect correlated fairly well with those obtained by — 
=- cardiac catheterization (r = 0.74). Good correlation was also found be- 
tween pulmonary artery systolic pressure obtained by color Doppler-guid- 
~ ed continuous-wave Doppler and cardiac catheterization (r = 0.89). Pub 
monary to systemic blood flow ratio obtained by Doppler interrogation of ` 
~ right and left ventricular outflow tracts did not correlate well with cardiac 
catheterization results (r = 0.38). _ 2 oe 


_ MISCELLANEOUS 


Congestive Heart Failure, Coronary Events and oS 
_ Atherothrombotic Brain Infarction in Elderly Blacks and 
‘Whites With Systemic Hypertension and With and Without 
_ Echocardiographic and Electrocardiographic Evidence of Left 
Ventricular Hypertrophy 
Wilbert S. Aronow, Chul Ahn, Itzhak Kronzon, and Mordecai Koenigsberg 


A prospective study of elderly blacks and whites with hypertension corre- 
lated the incidences of congestive heart failure (CHF), coronary events _ 
and atherothrombotic brain infarction (ABI). Follow-up was 37 months 
in blacks and 43 months in whites (p <0.01). Incidences of CHF and 
coronary events were not significantly different in blacks and whites. ABI 
incidence was 38% in blacks and 21% in whites (p <0.005). Prior CHF (p 
= 0.000), concentric LV hypertrophy (p = 0.018) and echocardiographic 
LV hypertrophy (p = 0.022) were independent risk factors for CHF. 
Echocardiographic LV hypertrophy (p = 0.001), serum total cholesterol 
(p = 0.002), concentric LV hypertrophy (p = 0.005) and prior coronary 

artery disease (p = 0.042) were independent risk factors for coronary 
events. Prior ABI (p = 0.001), echocardiographic LV hypertrophy (p = 
0.001) and electrocardiographic LV hypertrophy (p = 0.034) were inde- 
pendent risk factors for ABI. 
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“Effects of eat ees chp with fans Calcium 
Chloride Pretreatment in Normal Subjects 

Marieke Dekker Schoen, Robert B. Parker, Timothy J. Hoon, Robert J. 
Hariman, Jerry L. Bauman, and Karen J. Beckman 


To evaluate the effects of calcium pretreatment on the disposition and- 
electrocardiographic effects of verapamil, 8 healthy male volunteers re- 
ceived treatment in each of 3 phases in a randomized, double-blind, 
crossover manner: calcium, verapamil and calcium-verapamil. Blood sam- 
ples for the determination of verapamil concentrations were obtained and - 
blood pressure, heart rate and PR intervals were measured serially over 24 
hours. Pretreatment with intravenous calcium did not alter the disposition 


of intravenous verapamil. Also, calcium had no significant effect on vera- 
_ pamil-induced PR prolongation. Verapamil caused a reflex increase in 


` heart rate of similar magnitude in both phases in which it was adminis- 


tered. However, pretreatment with calcium caused an initial decline in. | 


heart rate, such that no verapamil-induced net change i in heart rate was 
observed. In doses f requently used in a clinical setting, calcium and vera- 
pamil produced opposing effects on the sinus rate and arterial blood 
"pressure, but not on atrioventricular conduction. These findings show that 

the atrioventricular nodal and thus antiarrhythmic effects of verapamil - 
are preserved despite pretreatment with calcium. 
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Patterns of ST-Segment Change During Acute No-Flow 
Myocardial Ischemia Produced by Balloon Occlusion During | 
Angioplasty of the Left Anterior Descending Coronary Artery 
Avanindra Jain and Leonard S. Gettes 


307 - | 

z Doppler Echocardiographic Findings i in Normal-Functioning St. 
Jude Medical and Bjork-Shiley Mechanical Prostheses in the 

- Tricuspid Valve Position 
Vicens Marti, Francesc Carreras, Xavier Borras, and 

| Guillem Pons-Lladé 


309 

-Correlation of the Physiologic Parameters of a Continuous 
Ramp Versus an Incremental James Exercise Protocol in 
‘Normal Children 

Carol S. Tanner, Charles T. Heise, and Gerald Barber 


313 


- Risk of Dysphagia After Transesophageal Echocardiography 


Anthony G. Messina, Mary Paranicas, Steven Paene Fun-Sun Yao, 
arl Krieger, O. Wayne Isom, and F Richard B. Devereux.. 
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‘even V. Manoukian and Nanette K. Wenger 
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listair |. Fyfe, Paul A. Da 


rersistent Left Fifth Aortic Arch with Complex. 
andace L. Gibbin, Frank M. Midgley, Barry M. Potter, and 
erard R. Martin 
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we Previous studies report larger myocardial infarcts 
increased in-hospital mortality rates in patients 
nferior wall acute myocardial intarction (AMI) 
omplete atrioventricular block (AV), but the 
inical implications of these complications in pa- 
tients treated with reperfusion therapy have not 
been addressed. The clinical course of 373 pa- 
tients—— 50 (13%) of whom developed complete 

Vv ‘block— admitted with inferior wall AMI and 












iven thrombolytic therapy within 6 hours of symp- 

tom onset was studied. Acute patency rates of the 

-infarct artery after thrombolytic therapy were simi- 
dar in patients with or without AV block. Ventricu- 

-Jar function measured at baseline and before dis- 

charge i in patients with complete AV block showed 

. -a decrement in median ejection fraction (—3.5 vs 

a -0.4%, p = 0.03) and in median regional wall mo- 

<- tion (—0.14 vs +0.24 standard deviations/chord, p 

= = 0,05). The reocclusion rate was higher in pa- 

_ tients with complete AV block (29 vs 16%, p = 

a 0.03). Patients with complete AV block had more 

2 es of ventricular fibrillation or tachycardia 

14%, p <0.001), sustained hypotension (36 

0%, p <0.001), pulmonary edema (12 vs 4%, 
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x oe Atrioventricular Block Complicatin 
Inferior Wall Acute Myocardial Infarction 
Treated with Reperfusion Therapy 


Peter Clemmensen, MD, Eric R. Bates, MD, Robert M. Califf, MD, Mark A. Hlatky, MD, 
Lynne Aronson, BS, Barry S. George, MD, Kerry L. Lee, PhD, Dean J. Kereiakes, MD, 
= Gerald Gacioch, MD, Eric Berrios, RN, Eric J. Topol, MD, and the TAMI Study Group* 


Med- ed vn b reperfusion. therapies.. 









p = 0.02) and a higher in-hospital mortality rate 
(20 vs 4%, p <0.001), although the mortality rate 
after hospital discharge was identical (2%) in the 2 
groups. Multivariable logistic regression analysis _ 
revealed that complete AV block was a strong inde- ne 
pendent predictor of in-hospital mortality (p = 
0.0006). Thus, despite initial successful reperfu- 
sion, patients with inferior wall AMI and complete 
AV block have higher rates of in-hospital complica- 
tions and mortality. 

(Am J Cardiol 1991;67:225-230) 























nferior wall acute myocardial infarction (AMI) is of- 
ten complicated by atrioventricular (AV) block. Be- 
fore the widespread use of thrombolytic therapy. 
complete AV block occurred in 8 to 13% of such eae 


tors report that tie infarctions are associated with 
AV block and that a high incidence of in-hospital com- 
plications and an increased short-term mortality rate 
occur among patients with complete AV block. The 
long-term outcome of hospital survivors, however, seems 
unaffected by the occurrence of complete AV block 
during hospitalization.: One previous study suggested 
that complete AV block in patients with an inferior wall 
myocardial infarction is associated with coexistent mul 
tivessel disease.” The aforementioned studies were al 
conducted in the prethrombolytic era. The clinical im 
plications of complete AV block in patients treated wit 
reperfusion therapy have not been addressed. Whethe 
the occurrence of complete heart block is an indepen 
dent risk factor for mortality has not been evaluated 
because acute coronary anatomic and left ventricula 
function findings have not been available. We therefor 
undertook the present study to describe the clini 
course and prognostic significance of complete. 
block complicating inferior wall. AML in | patients 
























































V i arctio 1 (TAMI) study group, 
7 thrombolytic therapeutic strate- 


sies. Briefly, patients admitted within 6 hours of symp- 
m onset with an AMI were enrolled if they met the 
llowing criteria: electrocardiographic evidence of epi- 
cardial injury, defined as 20.1 mV ST-segment eleva- 
tion in 22 contiguous leads; absence of previous Q-wave 
infarction in the distribution of the acute ischemic re- 
gion; and chest pain 230 minutes’ duration unrespon- 
sive to standard sublingual nitroglycerin therapy. Pa- 
“tients were ineligible for the study if they had a history 
- of a significant bleeding diathesis or a known bleeding 
“disorder, a history of gastrointestinal or genitourinary 
bleeding within the preceding 4 weeks, a stroke in the 
< past 6 months, major surgery in the preceding 2 weeks, 
uncontrolled hypertension (diastolic blood pressure re- 
- peatedly >110 mm Hg), other serious advanced illness, 
cardiogenic shock (systolic blood pressure <85 mm Hg 
“unresponsive to volume expanders), prolonged cardio- 
< pulmonary resuscitation in the preceding 2 weeks, se- 
-vere trauma within the past 6 months, psychological or 
physical inability to participate, or if they were women 
_ of child-bearing potential. 

- Patients underwent acute cardiac catheterization 
and the cineangiograms were recorded for later, inde- 
pendent analysis by a control angiographic core labora- 
tory. The culprit infarct artery was determined to be the 
~ left anterior descending artery in 307 patients, the left 
-= circumflex artery in 104 patients and the right coronary 
artery in 373 patients. The remaining 26 patients had 
occlusion of the left main stem, or coronary bypass 
grafts, or the infarct artery could not be determined. 
© Complete AV block occurred in 62 patients (8%). This 
complication was almost entirely limited to patients 
with right coronary artery-related infarction (n = 50) 
-© and rarely occurred with left anterior descending (n = 
6) or left circumflex artery (n = 6) infarction. The fo- 
-cus of this study was therefore confined to the 373 pa- 
- tients with inferior wall AMI because of occlusion of 
- the right coronary artery. Written informed consent was 
- obtained from all patients before entry into studies. En- 
- rollment of patients into the 4 studies began December 
10, 1985, and ended March 24, 1988. 

Data collection and definitions: Data pertaining to 
baseline characteristics, treatment and outcome were 
collected by research nurses and audited by a second 
nurse before analysis. Specific characteristics pertaining 
to complete heart block (duration, associated features) 
were collected on an ancillary data form by research 
‘nurses and fellows. Complete heart block was defined 
by standard clinical criteria: complete dissociation of 
‘the atrial and ventricular rates, with the atrial rate 
greater than the ventricular rate. 

In most cases cardiac rhythm strips were available, 
but, in some instances, clinical observation of the cardi- 

c monitor led to the diagnosis even though a hard copy 
ot available. The definitions of clinical variables 
published previously? 



















therapy was given to all patients. Of 


ed by telephone or — 





































































enrolled in the TAMI-1 trial, the first 178 patients re- 
ceived recombinant tissue-type plasminogen activator at 
a dose of 60 mg/hour during the first hour, 20 mg/hour 
during the second and third hours and 10 mg/hour in ~ 
the last 5 hours. The remaining 208 patients received | 
mg/kg in the first hour (to a maximum dose of 90 mg), _ 
with the remainder of the dose given continuously as a 
5-hour infusion for a total dose of 150 mg. All patients 
had 10% of the first hourly dose administered as a bolus ~ 
injection over 6 minutes.° Of the 147 patients in the - 
TAMI-2 study, 34 patients received 25 mg of single- 
chain recombinant tissue-type plasminogen activator in 
addition to urokinase (0.5 to 1.0 million units of uroki- 
nase). The remaining 112 patients received 1 mg/kg of 
tissue plasminogen activator in addition to urokinase in — 
varying doses (0.5, 1.5 and 2.0 million units, respective- 
ly).’ The 175 patients in the TAMI-3 study received 1.5 
mg/kg recombinant tissue-type plasminogen activator. 
Half the patients received a bolus dose of heparin on 
hospital admission and all received a full dose of hepa- © 
rin 90 minutes after infusion of recombinant tissue-type 
plasminogen activator.’ The 102 patients in the uroki- 
nase Study received 3 million units over 45 to 60 min- 
utes.” > 
Angiographic studies: All patients underwent diag- 
nostic cardiac catheterization with angiographic visual- 
ization of all 3 major coronary arteries and a left ven- — 
triculogram 290 minutes after the administration of 
thrombolytic therapy. All patients received 5,000 units 

of intravenous heparin subsequent to arterial access. | 
Quantitative estimation of the flow in the infarct-relat- 
ed coronary artery was performed by Thrombolysis in | 
Myocardial Infarction (TIMI) classification criteria.!° 
Arteries with TIMI flow grade 0 or 1 were considered _ 
occluded and arteries with flow grade 2 or 3 were con- = 
sidered patent. Reocclusion was defined in patients not 
occluded upon leaving the diagnostic catheterization as 
recurrent total occlusion of the infarct-related artery. . 
Lesion location was defined as proximal or distal in re~ 
lation to the first right ventricular branch of the right 
coronary artery. Percutaneous transluminal coronary — 
angioplasty was performed when anatomically feasible. 
in ali patients with a TIMI flow grade of 0 to 1. Pa- 
tients with TIMI flow grade 2 or 3 underwent percu- 
taneous transluminal coronary angioplasty in accor- 
dance with the different protocols (by randomization in 
TAMI-1, and if clinical evidence of ongoing ischemia | 
persisted in TAMI-2, TAMI-3 and the urokinase 
study). When acute percutaneous transluminal coro- 



























No Complete AVB 
(n = 323) 
57 (49-64) 






"Complete AVB 
(n= 50) 


60 (53-66) 










|- Age (median, 





|. interquartile range) 
© Male gender (%) 37 (74) 257 (80) 
History of smoking (%) 31 (62) 217 (67) 
Diabetes (%) 10 (20) 41 (13) 
Family history of CAD (%) 19 (38) 153 (47) 
Hypertension (%) 19 (38) 136 (42) 
_ Hyperlipidemia (%) 4 (8) 43 (13) 
History of angina (%) 19 (38) 151 (48) 
Time to Rx (median in 159 (120-197) 170 (122-214) 
minutes, interquartile 
range) 
Multivessel disease* (%) 15(30) 133 (42) 







~ * 375% stenosis of 22 major epicardial coronary arteries. l 
uio AVB = atrioventricular block; CAD = coronary artery disease; Rx = thrombolytic 
~ therapy. 










; all patients as close as possible to the seventh day after 
‘hospital admission. Global left ventricular ejection frac- 
-= “tion was determined by the area-length method!! and 
<- regional wall motion of the infarct zone by the center- 
“line chord method.'* Both the acute and predischarge 
angiographic studies were analyzed at the angiographic 
=< core laboratory by independent observers. 
~~ Hospital care: All patients were admitted to the cor- 
=> onary care unit, where cardiac rhythm was routinely 
“= -monitored for 24 hours. Medical therapy included intra- 
~. venous lidocaine for 24 hours, 1 enteric-coated aspirin 
= tablet (325 mg) per day and diltiazem (60 mg) every 6 
>: hours for 7 days. Heparin was administered by intrave- 
nous infusion up to 7 days to a level of activated partial 
thromboplastin time 1.5 to 2.5 times greater than con- 
trol values. Beta blockers were only administered when 
clinically indicated (supraventricular tachycardia, hy- 
=- pertension or angina pectoris). All additional revascu- 
=> larization procedures, including percutaneous translu- 
minal coronary angioplasty or coronary artery bypass 
grafting, were performed as clinically indicated at the 
discretion of the attending physician. Temporary trans- 
>utaneous!? or transvenous pacemakers were used at the 
-discretion of the treating physician. 
. Data analysis: Unless otherwise indicated, all con- 
‘tinuous variables describing patient characteristics were 
described in terms of the median and interquartile 
nge. Discrete variables were described by frequencies 
id. percentages. Group differences in proportions were 
amined with the chi-square test. Patient groups were 
compared with respect to continuous variables by the 2- 
sample Wilcoxon rank-sum test. Two-sided p values 
05 were considered statistically significant. Multiple 
istic regression analysis was performed to determine 
importance of complete AV block as a predictor of 
ospital mortality relative to other prognostic clinical 
ographic variables. 
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Duration i in hours 
(median, interquartile range) 















Precipitating clinical events (%) 19 (38) 
Reperfusion (%) 5 (10) 
PTCA (%) 7 (14) 
Reocclusion (%) 7 (14) 

immediate complications of AVB 
Hypotension (%) 35 (73) 
VT /VF (%) 10(20) 
Asystole (%) 8(17) 


PTCA = percutaneous transluminal coronary y angioplasty. VT/ VF = ventricular 
tachycardia and ventricular fibrillation: other abbreviations as in Table |. 




















nary artery. No substantial differences in clinical base 
line characteristics were found between the 2 groups 
(Table I), although the patients with complete AV 
block did appear to have a slightly lower percentage o 
multivessel disease and a lower percentage of a history : 
of angina pectoris. i 

Figure | shows the time from onset of chest pain. to 
the first recorded episode of complete AV block. In 54%: 
of patients, complete AV block was present on admis- 
sion and developed in all except 2 patients within 72 
hours after symptom onset. Immediate treatment of : 
complete AV block included temporary pacemakers in 
60% of the patients. In 8%, the pacemaker was inserted 
prophylactically, before the development of complete 
AV block. Atropine was administered to 82% of the pa. 
tients with complete AV block. The block was transien 
in all but 1 patient, who required insertion of a perma 
nent pacemaker after aortocoronary bypass surgery 
Duration of complete AV block was <1 hour in 25% ọ 
the patients and <12 hours in 75% (median duration. 
2.5 hours). Complete AV block could be associated witl 
chemical reperfusion, angioplasty or reocclusion in 38% 
of patients (Table H). Immediate complications associ 
ated with the development of complete AV block oc 
curred often and included hypotension, ventricula = 
tachycardia, ventricular fibrillation and asystole. 

























































Percent (%) 










<6 $24 
Time (hours) 





Admission 









"144 (45) 
179 (55) 

















} in oo 33 (66) 222 (69) 

ute PTCA 24 (48) 129 (40) 

-Final patency? 45 (90) 294 (91) 
redischarge findings 

~Patency (%) 2? (71) 226 (82) 

“Reocclusion (%) 13 (29) 46 (16) 


n * First diagnostic angiogram. 
Final patency = infarct artery patency status after acute pharmacologic and 
achanical interventions, 
Abbreviations as in Tables | and f. 





> The infarct artery status is summarized in Table III. 
here was no difference between the patency of the in- 
iret artery after thrombolytic therapy and the patency 
fter acute catheterization: 90% in patients with and 
1% in those without complete AV block. However, pa- 
ncy before hospital discharge was 11% lower in the 
patients with complete AV block because of a higher 
eocclusion rate (29 vs 16%, p = 0.03). 

Global and regiona! left ventricular function data 
re shown in Figures 2 and 3. At acute angiography, the 
ean ejection fraction in the group with complete AV 
lock was 56%, compared with 55% in the group with- 
ut. At follow-up angiography, there was no change in 
1e ejection fraction im patients without complete AV 
block, but there was a 3.5% decrease in the group with 
complete AV block (p = 0.03). The mean acute infarct 
zone wall motion was ~2.49 standard deviations/chord 
with complete AV bleck and —2.39 standard devi- 
ations/chord without. Before discharge, acute infarct 
one wall motion impreved in the group without com- 
lete AV block and decreased further in the group with 
omplete AV block. The trend toward more functional 
ecovery of the infarct zone among patients without 
omplete AV block was of borderline statistical signifi- 
ince (p = 0.05). 

< The clinical outcomes of the 2 groups are listed in 
‘able IV. The in-hospital course was more complicated 
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VT /VF (%) (Unrelated to 18 (36) | 


O 46GA <0,001. 
bradycardia) A P E 
Sustained hypotension (%) 18 (36) 33010). <00 
Congestive heart failure (%) 13 (26) 1765)  <0.001 |- 
Pulmonary edema (%) 6 (12) 13 (4) — 0.02: 
in-hospital mortality (%) 10 (20) 12 (4) ` <0.001 
Long-terrn mortality (%) 1 (2) 6(2) NS | 


(22-moanth follow-up) 


NS = notsignificant: other abbreviations as in Tables. and il. 


in the patients who developed complete AV block. Ven- > 
tricular fibrillation or tachycardia occurred in 36 vs = 
14% and sustained hypotension in 36 vs 10%, respective- = 
ly. Ten of the 50 patients with complete AV block 


(20%) died in-hospital versus only 12 of 323 without 
(4%) (p <0.001). The long-term mortality rates of the 
hospital survivors after a median follow-up of 22 
months were identical (2%) in the 2 groups. | 


The independent prognostic value of complete AV ~ 
block was examined by logistic regression analysis. 
When age, acute left ventricular ejection fraction, num- 
ber of diseased vessels and TIMI grade flow were en- = 
tered into a multivariable logistic regression model, 
complete AV block contributed independent prognos- : E 
tic information concerning in-hospital mortality (chi- © 


square = 11.6, p = 0.0006). 


DISCUSSION 
The major finding of this study was that the inci- 


dence of complete AV block in patients with AMI = 
treated with thrombolytic therapy is similar to the inci- 
dence reported before the thrombolytic era.'35'4 Fur- 
thermore, when compared with historical populations, = 
the mortality rate in the group of patients who devel- — 


oped complete AV block was not lower, despite aggres- 
sive reperfusion attempts, usually with success in this 
population.!-?!+!> Our findings of a somewhat more de- 


pressed regional and global left ventricular function are E 
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ock mpared with those. whe did: not. 1315 
A recent study by Nicod et al! involving patients 
who did not undergo thrombolytic intervention found 
that complete AV block was an independent factor for 
| in-hospital prognosis when correcting for other noninva- 
. sive factors known to be important for prognosis. This 
finding was confirmed in the present study, where com- 
- plete AV block was a strong predictor of in-hospital 
mortality, even after considering variables obtained via 
cardiac catheterization, including acute left ventricular 
ejection fraction, number of diseased vessels and TIMI 
grade flow after thrombolytic therapy. Long-term prog- 
nosis of hospital survivors was good in the present study 
and unaffected by the development of complete AV 
block in the hospital. Other studies conducted in the 
-. prethrombolytic era have reported similar results.'-'° 
=>.. Jn the present as well as in previous studies, com- 
plete AV block was transient in almost all patients.!3-!7 
ccording to Hackel et al,'® the transient nature of 
complete AV block in these patients is probably due to 
the relative resistance of the conduction system to isch- 
emia. These investigators summarized several mecha- 
- nisms that, alone or in combination, could cause tran- 
-sient complete AV block in these patients, all of which 
could be altered by myocardial reperfusion. Reperfusion 
-could diminish the severity of local metabolic changes 
==> and the total duration of ischemia of the AV node. Con- 
< versely, restoration of anterograde blood flow to previ- 
- ously ischemic myocardium might both facilitate leuko- 
cyte migration to the infarcted area and stimulate vagal 
> nerve endings in the inferoposterior aspects of the left 
= ventricle.'® Based on the findings in the present study, it 
-< -appears that the major effect of reperfusion on the nat- 
-ural history of complete AV block is to minimize its 
duration, possibly because the ischemic burden on the 
AV node is relieved. Indeed, the 2.5-hour median dura- 
tion of the 3° AV block in this study is the shortest ever 
reported in a large series of patients. 
_ In the present study, complete AV block was associ- 
ed with an active component of reperfusion therapy 
eperfusion, angioplasty or reocclusion) in 38% of pa- 
tients, raising the possibility that reperfusion could itself 
provoke the AV block. Clinicians should thus be pre- 
pared for this complication to arise when other clinical 
arkers of reperfusion occur, when angioplasty is cho- 
n as an adjunctive therapy or when the patient devel- 
ops clinical signs of reocclusion. 
-A recent study hypothesized that patients who devel- 
op acute AV block have a high incidence of multivessel 
isease, particularly co-existing obstruction of the left 
ant ior descending artery.” That study comprised only 
datients, and the 32 patients with 275% stenosis of 
‘anterior descending artery had a 31% incidence 
rE a 1% incidence pene the ‘adel 
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tempt at myocardial reperfusion. Hox such a 
would be almost impossible to conduct i in ‘the pr 
era, and our comparisons are therefore limited to 
ings of previous studies conducted before the w 
spread use of reperfusion therapies. The clinical de: 
tion of AV block used in this study is not as complete as 
what could be achieved by continuous Holter monitor- 
ing of a large population. Transient episodes of com- 
plete AV block could have been missed, or, in some 
cases, AV dissociation could have been erroneously la- 
beled as heart block. Nevertheless, these findings are 
representative of current practice in institutions with a 
full-time cardiology staff observing patients with AMIs. 
Also, the critical question of right ventricular involve- 
ment in patients with complete AV block cannot be an- 
swered by the present study, because right ventricular 
infarction was not routinely assessed in this popula- 
tion. A previous study has found that the right ventricle _ 
is involved in the majority of patients with inferior wall 
myocardial infarction who develop advanced AV 
block.!> 
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Prognostic Importance of Delayed Q-Wave 
Evolution 3 to 24 Hours After Initiation of 
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Myocardial Infarction 
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Amir Shachar, MD, Lea Zolti, MSc, Babeth Rabinowitz, MD, Elieser Kaplinsky, MD, 
Shlomo Laniado, MD, and Michaela Modan, PhD 





The timing of Q-wave evolution and its prognostic 
significance was studied in 201 patients who re- 
ceived thrombolytic therapy for a first acute myo- 
cardial infarction (AMI). One hundred forty-one pa- 
tients (70%) had evidence of a Q-wave AMI within 
3 hours of the initiation of thrombolytic therapy, 31 
(16%) developed Q waves after 3 hours but before 
hospital discharge, and 29 (14%) were discharged 
with a non-Q-wave AMI. Laboratory indicators of 
myocardial damage and in-hospital morbidity and 
mortality were greater among patients with Q- 
wave AMis than with non-Q-wave AMIs. When 
these indexes were examined with respect to the 
timing of Q-wave evolution, the prognosis of pa- 
tients with delayed Q-wave development was simi- 
lar to that of patients with non-Q-wave AMIs. 
Thus, compared to patients with early (<3 hours) 
Q-wave evolution, patients with delayed Q-wave 
evolution or with a non-Q-wave AMI had a smaller 
creatine kinase peak (mean 661 to 1,081 vs 1,251 
to 1,541 IU; p = 0.005), better preservation of left 
ventricular function as measured by radionuclide 
ventriculography before discharge (mean + stan- 
dard deviation 54 + 11% vs 47 + 13%; p <0.01), 
and a lower incidence of congestive heart failure at 
discharge (3 vs 15%; p = 0.02). In-hospital mortal- 
ity was lower among patients with delayed Q-wave 
evolution or with a non-Q-wave AMI (5 of 141 vs 0 
of 60; difference not significant). It is possible that 
delayed (>3 hours) evolution of a Q-wave AMI 
among patients receiving thrombolytic therapy may 
represent the higher prevalence of patients with an 
incomplete AMI in this population. 

(Am J Cardiol 1991;67:231-235) 
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umerous studies demonstrate the prognostic im- 
Nr of Q waves that appear after an acute 
myocardial infarction (AMI). These studies 
show that in-hospital morbidity and mortality are high- 
er in patients with a Q-wave AMI than in patients with 
a non-Q-wave AMI.'~* Despite the short-term advan- 
tage held by patients with a non-Q-wave AMI, long- 
term morbidity and mortality for both groups are simi- 
lar.^ This similarity in long-term prognosis is the re- 
sult of a higher rate of late cardiac events among 
patients with non-Q-wave AMIs.?"!! Cardiac catheter- 
ization data show that patients with non-Q-wave AMIs 
are less likely than those with Q-wave AMIs to have 
completely occluded coronary arteries and are more 
likely to have significant collateral circulation.!2-!6 
However, it is important to note that most studies 
that investigated Q-wave appearance and its prognostic 
significance took place before thrombolytic therapy for 
AMI became widespread. In this study, we examined 
the timing of Q-wave evolution in 201 patients who re- 
ceived thrombolytic therapy for a first AMI. Our pur- 
pose was to identify whether thrombolytic therapy al- 
ters the known prognostic significance of Q-wave versus 
non-Q-wave AMI and to determine the prognostic im- 
portance of the timing of Q-wave evolution. 


METHODS 

Patient population: Two-hundred fifty-three consec- 
utive patients with an AMI were treated with thrombo- 
lytic therapy. Entry criteria were: age <73 years, severe 
chest pain for >30 minutes but <6 hours, and ST-seg- 
ment elevation of 0.1 mV in =2 contiguous electrocar- 
diographic leads. Exclusion criteria were left bundle 
branch block on the initial electrocardiogram, diastolic 
blood pressure >120 mm Hg, a history of congestive 
heart failure, previous cardiac surgery, concurrent ter- 
minal illness, or a predisposition for bleeding that would 
contraindicate thrombolytic therapy. Of the 253 pa- 
tients initially enrolled, 42 were subsequently excluded 
because of a historical AMI that could have influenced 
Q-wave interpretation. An additional 10 patients were 
excluded because of missing electrocardiograms that 
precluded evaluation of the timing of Q-wave appear- 
ance. Thus, a total of 201 patients treated with throm- 
bolytic therapy for a first AMI were available for study. 
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Se | 


Of these, 147 received recombinant tissue-type plasmin- 
ogen activator and 54 received streptokinase. 

Medical treatment: Patients treated with recombi- 
nant tissue-type plasminogen activator (G11035, Boeh- 
ringer Ingelheim, Federal Republic of Germany) re- 
ceived a total dose of 100 to 120 mg over 3 to 6 hours. 
Patients treated with streptokinase received 1.5 million 
U over 30 to 60 minutes. All patients received oral aspi- 
rin in a dose of 250 mg/day, and most received heparin 
intravenously or subcutaneously. Patients also received 
additional therapy for individual clinical conditions 
(e.g., antianginal, anticongestive or antiarrhythmic 
treatment). 

Electrocardiographic studies: Electrocardiograms 
were recorded continuously during the first hour after 
the initiation of thrombolytic infusion and every 3 hours 
thereafter until the end of the first 24 hours, after which 
12-lead electrocardiographic tracings were obtained dai- 
ly. For the purpose of analysis, electrocardiograms were 
recorded at 4 time points: just before thrombolytic ther- 
apy, 3 hours after treatment was initiated, 24 hours af- 
ter the start of treatment, and at hospital discharge. Q 
waves were defined by the following 3 criteria: duration 
>0.04 ms, presence in electrocardiographic leads where 
ST segments were originally elevated, and either a 
height >!⁄4 of the R wave in 1 lead or a new appearance 
in 2 geographically similar leads. 

Coronary angiography and angioplasty: After 
thrombolytic therapy, patients were treated conserva- 
tively. Routine cardiac catheterizations were not per- 
formed; coronary angiography was performed only if 
the patient had postinfarction angina or hemodynamic 
instability during hospitalization or if a predischarge ex- 
ercise test provoked severe myocardial ischemia. 

Patency of the coronary arteries was evaluated in the 
laboratories of each participating medical center and by 
a consensus reading of all angiograms by the same 2 
coronary angiographers, who were blinded to the clini- 
cal course of the patients, except for the electrocardio- 
graphic location of the infarction. Severity of coronary 
artery disease was determined by visual assessment of 
the reduction in luminal diameter (percent stenosis) and 
by Thrombolysis in Myocardial Infarction!’ gradings of 
perfusion for each coronary artery and its major 
branches. 
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> 24 hrs 
Q-Wave 
Evolution 


Patients with >50% reduction in the luminal diame- 
ter of the infarct-related artery underwent ad hoc per- 
cutaneous transluminal coronary angioplasty, unless the 
infarct artery was considered insignificant, the lesion 
was considered unsuitable for angioplasty for other rea- 
sons, or the patient was referred to coronary bypass sur- 
gery because of 3-vessel coronary artery disease or left 
main artery disease or its equivalent. 

Laboratory studies: Serial blood samples were col- 
lected for creatine kinase determinations at the onset of 
thrombolytic treatment and every 3 hours for the first 
24 hours. Radionuclide ventriculographic studies were 
performed as soon as possible after admission and again 
just before hospital discharge. 

Follow-up: Follow-up clinic visits were scheduled at 
2, 6 and 12 months after hospital discharge. Physical 
examinations were performed and information collected 
on pertinent clinical outcomes (e.g., reinfarction, rehos- 
pitalization, invasive procedures). Treadmill effort-tol- 
erance tests and radionuclide ventriculographic stress 
studies were conducted at the 2-month follow-up visit. 
A test was defined as positive when at least 1 of the 
following symptoms occurred: typical ischemic chest 
pain, =2-mm ST depression 0.08 second after the J 
point, or a decrease of 15 mm Hg in blood pressure 
from baseline level. 

Statistical methods: The patient population was di- 
vided into 4 groups according to the time of Q-wave 
appearance. In the 2 “early” groups, the Q wave ap- 
peared before thrombolytic treatment or <3 hours after 
treatment began. In the 2 “delayed” groups, the Q wave 
appeared >3 hours after treatment began or patients 
were discharged with a non-Q-wave AMI. Because each 
of the 2 early groups and each of the 2 delayed groups 
resembled each other with respect to baseline character- 
istics as well as to clinical and laboratory outcomes, 
they were presented separately in the tables but grouped 
in all statistical analyses. 

Data were analyzed with BMDP software (Biomedi- 
cal Computer Programs, University of California, 
Berkeley). Group characteristics were expressed as 
mean + standard deviation for continuous variables or 
as rates for categorical variables. Univariate compari- 
sons between the early and delayed groups were tested 
by chi-square or by Fisher’s exact test, when appropri- 


FIGURE 1. Timing of Q-wave evolution. 


Non-Q Wave 
AMI 


i Pretreatment 
Q-Wave AMI 
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- Age (yr + SD) 
< Sex(% male) . 7 
| Anterior AMI (% pts) 59. 
|. Preinfarction angina pectoris 
— (% pts) 
<7 days 20 
>7 days 23 
-Smoking within last 3 wks 45 
. (pts) 
: Diabetes mellitus (% pts) 13 
“Hypertension (% pts) 23 
=. Killip class at admission 
(% pts) | 
1+2 94 92 
f. 344 | 6 8 
© Time to treatment 153 +96 
: (min + SD) s 
* By lest 
t By chi-square. 


t 8y Fisher exact test. 
s AMI = = acute myocardial infarction; SD = standard deviation 


te, for categorical variables, and by ¢ test for continu- 
ous variables. Overall multivariate comparisons. between 
h of the 2 early groups and each of the 2 delayed 
groups, and overall comparison between the early and 
delayed groups, accounting simultaneously for all base- 
line and outcome variables, were performed by Hotel- 
= ding T? test (BMDP program 3D). 


_ RESULTS 
_ Figure | shows the timing of Q-wave appearance 


: "among the 201 patients. Q waves were present in 103 _ 
. patients (51%) before initiation of thrombolytic therapy 


(pretreatment Q-wave evolution). Thirty-eight patients 
(19%) developed Q waves during the 3 hours after 
treatment began (early Q-wave evolution), and in 28 
patients (14%) Q waves developed 3 to 24 hours after 
reatment began (delayed Q-wave evolution). For 

he purpose of analysis, the 3 patients (1.5%) who devel- 
op ped Q waves after 24 hours but before discharge were 
aed to the delayed Q-wave evolution group, which 
then comprised 31 patients. At discharge, 29 patients 
(14.5%) still had no evidence of Q waves and were de- 
ned as having non-Q-wave infarctions. Multivariate 
ysis, comparing each of the 2 early groups and each 
he 2 delayed groups to each other, accounting simul- 
eously for all baseline and outcome variables, indi- 


no significant differences between the number of | 


pair (p = 0.55 and p = 0.49, respectively). Conse- 
ly, all further statistical analyses were based on 


wo: 


isons of the combined early to the combined de- 


(3h) 
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Non-Q- ~ Barlyvs 
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(3 hes), 
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chest pain and thrombolytic treatment was 145 + 84 
minutes. There were no significant differences between 
the early and delayed groups with regard to age, gender, 
infarct site, diabetes mellitus, systemic hypertension, an- 
tecedent angina, time from onset of pain to treatment, 
or Killip class at admission. There were more smokers 
in the delayed group, and this excess approached signifi- 
cance (p = 0.06). 

The delayed group was characterized by lower peak : 
(p = 0.04) and cumulative 24-hour creatine kinase lev- 


els (p = 0.08) (Table II). Results of radionuclide ven- 


triculographic testing paralleled these findings; left ven- 


tricular ejection fractions at hospital admission and dis- 
charge were highest in patients with delayed or no 


Q-wave evolution. This difference approached signifi- 
cance (p = 0.06) only with respect to left ventricula 
ejection fraction at discharge. | , 
Clinical evidence of myocardial damage, as evi- 
denced by congestive heart failure at discharge, was als 
significantly less frequent (p = 0.03) among patients 
with delayed or no Q-wave evolution. The rate of in- 
hospital clinical reinfarction was similar in the 2 groups. 
Table HI lists the frequency of in-hospital coro- 
nary angiography and angioplasty among the 4 patient 


groups. Both cardiac catheterization (p = 0.13) and 


coronary angioplasty (p = 0.04) were performed mor 
frequently among patients with delayed or no Q-wav 
evolution, 

Follow-up data analyzed with respect to the tim: 
of Q-wave appearance are listed in Table IV. Radior 
clide stress ventriculography was performed 2 mo 
after study enrollment. F here was a significant ir 





TABLE It T ers of Myocardial Damage 


Eariy Group 


Pretreatment 
Q-Wave AMI 
{n = 103) 


1,251 +841 
6,528 + 3,965 


Peak CK (U fiter) 

< Cumulative 24-hour 

ORK release tuiter} 

- In-hospital reinfarction 15(15) 

> no. (% pts) po 

- Admission LVEF (no. \% 

` Discharge LVEF (no.)% (98) 47 + 13 

LVEF change ~1.0+11 

CHF at discharge no. (%) 18(17) 

_* By ttest. . E 


~ tBychisguare. 
- + By Fisher exact test, 


(87)48 £14 


(<3 hrs) 
Q-Wave AMI 
(n = 38) 


1,341 + 841 
6,692 + 4,069 


10(26) 


(34) 47 + 14 
(32) 47 +13 
-0.4 +9 
3 (8) 


Delayed Group 


(>3 nrs) 
Q-Wave AMI 
(n=31) 


1,681 41,071 
4,239 + 2,578 


4(13) 


(24;52414 
(27:534 11 
~L7+11 

1 (3) 


Non-Q- 
Wave AMI 


(n= 29) 


661 + 662 
3,942 + 3,409 


3 (10) 


(28) 53 +12 
(28) 54411 
+0.648 
1 (3) 


: AMI = acute acai infarction; CHF = congestive heart failure; CK = creatine kinase: LVEF = left veutricular ejection fraction. 


TABLE itl Results of sf In-Hospital invasive Procedures 
z Early Group 


Pretreatment 
Q-Wave AMI 


Coronary angiography 35 (34) 13 (34) 


performed no. (%) 


Patent infarct artery 27 (77) 11 (85) 


no. (%) 


Coronary angioplasties 11(11) 10 (26) 


performed no. (%) 


* By chi-square. 
Abbreviation a asin Table H. 


FABLE IV One-Year Follow-Up Data 
| oe | | | Early Group 


Pretreatment 
Q-Wave AMI 
(n= 103) 


($3 hrs) 
Q-Wave AMI 
(n = 103) (n= 38) 


Delayed Group 


(>3 hrs} Non-Q- 
Q-Wave AMI Wave AMI 
(n =31) {n = 29) 
14445) 

12486} 


10(32) 


Delayed Group 


(<3 hrs) (>3 hrs) Non-Q- 
Q-Wave AMi Q-Wave AMI Wave AMI 
{n = 38) {n= 31) (n= 29) 


-Stress ventriculography at 2 mos. 
Rest % LVEF 
- Stress % LVEF 
LVEF change 
-Recurrent AMEno. (% pts) 
“Frequency of mechanical revascularization 
“ Coronary angioplasty 
ne. % pts) | 


nhe sil mortality (% pts) 
Mortality during 1-year 
tolowup Ch pts) 


| Early vs Vs 


Delayed | 
or PP Value) 


Early vs 
Delayed ss. 
Group* p Value) 


Early vs 










a “Our results indicate that the prognostic value of a Q- 
wave AMI in predicting in-hospital clinical outcome in 
a with AMI receiving thrombolytic therapy is 







A 


= < similar to that documented by studies from the pre- 
thrombolytic era.!819 Thus, hospital morbidity and mor- 
+= tality rates were higher for our patients with a Q-wave 

`<: AMI than for patients with a non-Q-wave AMI. Al- 
though rates of rehospitalizations and recurrent AMIs 
were similar among our 4 patient groups, the only 2 
| patients who died after discharge had either a non-Q- 
=< wave or a delayed Q-wave AMI. Consequently, al- 
_.. though hospital mortality was higher for the patients 
_ with an early Q-wave AMI, 1-year mortality was simi- 










a lar for all groups. This finding agrees with earlier obser- 


= vations in the general AMI population, in which post- 
discharge recurrent AMI and sudden death occur more 
requently in patients with a non-Q-wave AMI.”* 
_ In addition to the aforementioned groups of patients 
- with early (<3 hours) Q-wave evolution (70%) and pa- 
> tients discharged with a non-Q-wave AMI (19%), we 
identified a group of patients with delayed (>3 hours) 
Q-wave development that comprised 16% of our patient 
population. These patients appeared to be prognostically 
similar to patients with a non-Q-wave AMI with respect 
= to both clinical and laboratory indexes of myocardial 
- - damage. 
„Qur findings thus suggest that, in addition to the 
© traditional stratification of patients into Q- versus non- 
Q-wave AMI groups, the timing of Q-wave appearance 
should be emphasized in patients with an AMI receiv- 
-ing thrombolytic therapy, and that a delayed evolution 












of a Q-wave AMI in these patients predicts an outcome ` 


< similar to that of patients with a non-Q-wave AMI. 
_ Nevertheless, because of the limited number of patients 
in these 2 groups (60), a larger population may be re- 
: quired to verify this finding. 
_ It is possible that our patients with delayed Q-wave 
evolution had a better prognosis because their coronary 
anatomy (lower grade coronary occlusion and increased 
___ collateralizations) was similar to that of patients with a 
_ non-Q-wave AMI.'*-!© Because the appearance of a Q- 
wave infarction depends on the amount and site of myo- 
cardial necrosis, it is possible that, like patients with a 
on-Q-wave AMI in whom the amount of myocardium 
estroyed is insufficient for a Q wave to evolve, patients 
‘delayed Q-wave evolution also had a smaller in- 
arct. Thus, thrombolytic intervention has curtailed the 
cess. of myocardial necrosis, resulting in slower Q- 
ave evolution. It is possible, therefore, that delayed Q- 
ve evolution may be more prevalent among patients 
n. AMI who are treated with thrombolytic thera- 
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e effect of acute myocardial infarction (AMI) on 
sional cardiac adrenergic function was studied in 
7 patients mean + standard deviation 10 + 4 days 
fter AMI. Regional adrenergic function was evalu- 
ted noninvasively with 1-123 meta-iodobenzyl- 
anidine (MIBG) using a dedicated 3-detector to- 
mograph. Four hours after its administration, there 
‘was reduced MIBG uptake in the region of infarc- 
tion, 0.38 + 0.31 counts/pixel/mCi x 103 com- 
„pared with 0.60 + 0.30 counts/pixel/mCi x 103 
‘and 0.92 + 0.35 counts/pixel/mCi x 103 in the 
“zones bordering and distant from the infarct area, 
‘respectively, p <0.001. In all patients, the area of 
reduced MIBG uptake after 4 hours was more ex- 
tensive than the associated thallium-201 perfusion 
defect with defect scores of 52 + 22 and 23 + 
18%, respectively, p <0.001. After anterior wall 
AMI, the 4-hour MIBG defect score was 70 + 13% 
and the degree of mismatch between myocardial 

_ perfusion and MIBG uptake was 30 + 9% com- 
pared with 39 + 17 and 21 + 17% after inferior 
AMI, p <0.001 and p = 0.016, respectively. The 4- 
hour MIBG defect score correlated inversely with 
the predischarge left ventricular ejection fraction, 

r = —0.73, p <0.001. Patients with ventricular ar- 
_rhythmia of 21 ventricular premature complexes 

_ per hour, paired ventricular premature complexes 
_ or ventricular tachycardia detected during the late 
-hospital phase had higher 4-hour MIBG defect 
scores, 62.5 + 15.0%, than patients with no de- 
“Aectable complex ventricular ectopic activity and a 
ventricular premature complex frequency of <1 per 
hour, 44.6 + 23.4%, p = 0.036. These data sug- 
gest that after acute AMI in humans (1) the abnor- 
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mality in adrenergic function is more extensive than 
the associated abnormality in myocardial perfusion; 
(2) anterior wall AMI is associated with greater dis- 
ruption of cardiac adrenergic function than other — 
infarcts; (3) the severity of cardiac adrenergic dys- 
function correlates with the degree of left ventricu- 
lar dysfunction; and (4) the abnormality in regional 
adrenergic function may be associated with the ts 
presence of ventricular ectopic activity after AMI. 
(Am J Cardiol 1991;67:236-242) 


eta-iodobenzylguanidine (MIBG) is a norepi- 
nephrine analog that is not metabolized by ei- 
ther monoamine oxidase or catechol-O-meth- © 
yl transferase. It competes for the same uptake mecha- 
nism (uptake-1) that transports norepinephrine into the 
sympathetic nerve terminals. MIBG can be labeled 
with iodine-123 allowing cardiac adrenergic neuronal 
function to be evaluated. a 

This technique has been used in humans to evaluate 
cardiac adrenergic function in normal control sub- — 
jects?-5 and has also demonstrated abnormalities in pa- 
tients with ventricular dysfunction secondary to conges- _ 
tive cardiomyopathy.®’ I-123 MIBG has also been used 
to detect regional sympathetic denervation’? in the dog. 
Minardo et alë demonstrated denervation after acute 
myocardial infarction (AMI). In addition, it was shown 
that the area of denervation was more extensive than _ 
the associated area of infarction and that the area of _ 
normally perfused but denervated myocardium with ab- 
sent MIBG uptake was suprasensitive to adrenergic 
stimulation. 

Prognosis after AMI is known to be related to the 
degree of left ventricular dysfunction and the presence 
of ventricular arrhythmias.!°'!? Abnormalities in cardi- 
ac adrenergic function occur with heart failure!” and 
have beer implicated as a possible contributing mecha- 
nism to arrhythmogenesis.'*! 

In this study, we determined what effect AMI had 
on regional cardiac adrenergic function in humans and 
tested the following hypotheses: (1) The extent of re- _ 
gional adrenergic dysfunction is greater than the area of- 2 
) the severity of the abnormality in cardiac _ 
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2 ~ Summary of patient details including drug jean at time of study. - 





- = disruption in regional cardiac adrenergic function is as- 
= sociated with the development of ventricular arrhyth- 
~omias. 


“METHODS 
=: The study consisted of 27. patients admitted to the 
coronary care unit at Parkland Memorial Hospital in 
Dallas, Texas, between June 1988 and April 1989; de- 
graphic details for these patients are summarized in 
ble I. All of these patients gave a history of prolonged 
chest pain at rest and had sequential electrocardio- 
graphic and enzyme changes consistent with AMI. The 
te of infarction was considered to be anterior if the 
ectrocardiographic changes involved leads I, aVL, and 
ecordial leads Vie, and inferior if the changes in- 
ved leads II, IH and aVF. With use of these electro- 
diographic criteria, 16 patients were considered to 
sustained an inferior wall AMI (15 Q wave, 1 non- 
Q wave). All of these patients had perfusion abnormali- 
es that involved the inferior or posterior, or both, as- 
ts of the left ventricle. Eleven patients were consid- 
d to have anterior wall AMI (all Q wave) and each 
rfusion abnormalities that involved the anterior 




































-A = anterior; ACE inhib. = angiotensin converting enzyme inhibitor: Antiarrhyth. = antiarrhythmic therapy: Beta Blocker = -adrenergic antagonist; CA = calcium channel | 
i antagonist; Complex Vent. Ect. = presence of cormplex ventricular ectopy; Diur. = diuretics; DM = diabetes mellitus: | = inferior: LVEF = left ventricular ejection fraction; Mi = 
nd mexilitene; SH = systemic hypertension; VPCs = ventricular premature complexes: VPC / 
dia; O = absent or negative: + = positive or present, 


|. PAyocardial infarction, Nitr. = transdermal nitrates; P = procainamide: QM = quinidine a 
= hr = frequency of ventricular premature complexes per hour; VT = ventricular tachycar 





ammonium sulfate as described by Manger et al. The 


A heparin lock was inserted into a peripheral arm vein. . 
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Radiopharmaceutical preparation: MIBG was ra- 
dioiodinated by solid-phase exchange radioiodination by 


I-123 used in these syntheses was produced by Xe-123 
(p,2n) to C,-123 to Xe-123 to I-123 and contained 
<0.1% radionuclide impurities at the time of calibration | 
(Nordion, Ottawa, Canada). i 
Protocol: Before starting imaging, blood samples 
were obtained for serum catecholamine determinations. 


















and the patients were asked to lie in a supine position . 
for 30 to 40 minutes. From the heparin lock, blood was 
withdrawn into 10-ml heparinized vacutainers. The vac- 
utainers were immediately immersed in an ice bath and 
centrifuged for 20 minutes at 2° to 4° centigrade and 
1,000 + 100 g. The serum was immediately separated 
and frozen for transportation. Plasma catecholamine 
analysis was performed using high-pressure liquid chre 
matography with electrochemical detection. After tł 
blood specimens were obtained, the imaging proto 
was begun. 

Imaging protocol: One ml of Lugol’s solution 
given by mouth 30 to 60 minutes before injectio 
2.5 to 3.2 mCi of thallous chloride was injected i 















































ed for 20 seconds cach, at 3° increments over 
orbits and \ were recorded at a digital resolution of 
. 64. Immediately after this acquisition, the patients 
re injected intravenously with 8 to 10 mCi of [-123 
AIBG while in an upright position. Imaging was per- 
med beginning at 15 minutes and repeated 4 (mean 
.0 + 0.2) hours later. MIBG projection images were 
cquired for 20 seconds each at 3° increments over 
360° orbits. Energy discrimination was provided by 
ual 20% windows centered over the 80 and 167 keV 
hotopeaks of thallium (TI)-201 and a 15% window 
entered over the 159 keV photopeak of I-123. 

image analysis: Transaxial tomographic sections 
om the TI-201 and 15-minute and the 4-hour [-123 
MIBG images, including the entire cardiac volume, 
‘ere reconstructed by filtered backprojection of the 
projection images acquired over the 180° from the 45° 
ight anterior oblique to 45° left posterior oblique posi- 
ions. The filter used during reconstruction was the 
‘product of a ramp and Kaiser-Bessell filter (order of 
5.0). Corresponding vertical long- and short-axis sec- 
tions were selected from the reconstructed volumes. One 
epresentative vertical long-axis section and one apical, 
‘midventricular and basal short-axis section of the left 
ventricle were selected for analysis of segmental Tl-201 
and I-123 MIBG activity. Particular care was taken to 
„match the corresponding T1-201 and I-123 MIBG sec- 
‘tions to allow accurate comparisons between the 2 sets 
of images. 

Images were analyzed semiquantitatively to provide 
-a defect score. Each short-axis section was divided into 
: 6 equally sized sectors for analysis. Only the apical por- 
tions of the vertical long-axis sections were considered. 
‘Two investigators (AIM, JRC) evaluated each image 
independently using a 3-point scoring scale (2 = absent 
-or severely reduced, 1 = moderately or minimally re- 
‘duced, 0 = normal activity). Disparities were resolved 
-by consensus. Defect scores were calculated as the total 
score divided by the total possible score times 100%. 
~The degree of mismatch between the T1-201 and the 4- 
‘hour MIBG tomograms was obtained by expressing the 
differences between the defect scores as a percentage. 
The reproducibility of this technique was evaluated 
by. repeat analysis of the Tl-201 and MIBG tomographs 
n 5 patients, a total of 285 sectors. The degree of in- 
raobserver and interobserver agreement in the scoring 
f the T1-201 and MIBG tomograms was as follows: Tl- 
01 tomograms, 96 and 94%; MIBG tomograms, 83 
-and 89%. When disagreements occurred, they were usu- 
ally a reflection of differences in the scoring of abnor- 
mal sectors, i.e., O or 1, rather than disagreements as to 
whether sectors were normal or abnormal. 

-J-123 MIBG tomograms were also analyzed quanti- 
rely: in the following manner: 3 regions of interest 
generated, 1 in the infarct region, another in the 















ojection images 


infa arct, and a third in a zone distant © 

























































tivities were sega as mean 1 counts: per pixel pe per nC 
corrected for decay and injected dose. es %2 
Predischarge left ventricular ejection pacions were Sean 
calculated using gated equilibrium radionuclide ventric- 
ulography in 25 patients™ and by contrast ventriculog- 
raphy in 1 patient.” Technically satisfactory predis- 
charge Holter monitoring was performed in all but 2 
patients a mean of 8.0 + 4.8 days after infarction. pa 
Statistical analyses: Results are expressed as mean 
+ 1 standard deviation. Nonparametric statistical tests 
were used because of the lack of normal distributions of 
the variables employed and the small number of pa- 
tients in some of the groups analyzed. Wilcoxin’s signed 
rank test and Mann-Whitney rank sum test were used 
for statistical comparisons of paired and unpaired data, ~ 
respectively. Friedman’s test was used to perform multi- 
ple comparisons between groups. The correlation be- 
tween variables was performed using Spearman rank ` 
correlation estimates. A p value <0.05 was considered A 
significant. k 








RESULTS Soe 
lodine-123 MIBG and thallium-201 “tomograms: a 
Both the early (15-minute) and delayed images. (4 Ei 
hour) revealed evidence of regional abnormalities in = 
MIBG uptake in the area of infarction. The location of 
the abnormalities in MIBG uptake corresponded to the -> 
location ef TI-201 perfusion abnormalities. The Tl-201 - 
and early MIBG defect scores were similar, 23 + 18 
and 28 + 28%, respectively. However, the defect scores -~ 
from the 4-hour delayed MIBG tomograms were signif- 
icantly greater (52 + 22%) when compared with both. 
the Tl-201 and early MIBG tomograms, p <0.001. 
There was a wide variation in the degree of mis- 
match between the abnormalities observed in the Tl-201 
perfusion and the delayed MIBG tomograms. The 
mean difference between the Tl-201 and the delayed 
MIBG defect scores was 26 + 16% (range 3 to 63%). 
The degree of mismatch was related to the 4-hour 
MIBG defect score (r = 0.64, p <0.001), but was inde- 
pendent of the Tl-201 defect score. The discrepancy be- 
tween perfusion and MIBG uptake occurred around the © 
whole border of the infarct region. | 
Figures 1 and 2 show representative sets of images 
demonstrating the disparity between myocardial perfu- 
sion and MIBG uptake. Figure | is from a patient who 
had recently sustained an anterior AMI. The TI-201 to- 
mograms reveal a severe defect in the anteroseptal re- 
gion. In comparison, the corresponding MIBG tomo- 
grams reveal a larger, more severe defect in the antero- 
septal region which extends inferiorly to involve the = 
inferior surat to > the left ventricle. eee 2i is from a: 





TABLE Il Influence of Infarct Location on MIBG Defect Scores 


Early MIBG 


Location of AMI Defect Score 


Anterior 
(n=11) 
Inferior infarcts 
(n= 16) 
* p = 0.008; ' p = < 0.001; * p = 0.005; ° p = 0.16 


Influence of infarct location on MIBG and TI-201 defect scores. 
All values expressed as mean + standard deviation. See text for further details 


AMI = acute myocardial infarction; Anterior = anteriorly located infarcts; Early MIBG defect score = 15-minute defect si 


Late MIBG 
Defect Score 


Late MIBG / 
TI Mismatch 


Thallium 
Defect Score 


ore expressed as percent; Inferior = inferiorly located 


infarcts; Late MIBG defect score = 4-hour defect score expressed as percent: Late MIBG /TI mismatch = mismatch between 4-hour MIBG defect and thallium-201 score expressed 
as percent; MIBG = I-123 meta-iodobenzylguanidine; TI defect score = thallium-201 defect score expressed as percent 


is more extensive involving the midventricular and api- 
cal short-axis sections. The late MIBG defect is sub- 
stantially larger, involving virtually the entire inferopos- 
terior surface and extending to involve the contiguous 
inferoseptal and lateral aspects of the left ventricle. 

Influence of the site of infarction: Patients who had 
sustained an anterior AMI had significantly greater Tl- 
201, and 15-minute and 4-hour MIBG defect scores 
than patients with inferior AMI; 37 + 17% vs 19 + 
14%, p = 0.005; 37 + 26% vs 14 + 11%, p = 0.008; and 
71 + 13% vs 39 + 17%, p <0.001, respectively. The 
degree of mismatch between the Tl-201 and the delayed 
MIBG tomograms was also greater after anterior than 
inferior AMI, 30 + 9% vs 21 + 17%, p = 0.016 (see 
Table II). 

Quantitation of four-hour regional MIBG myocardi- 
al uptake: The MIBG uptake in counts per pixel per 
mCi X 103 was 0.4 + 0.3, 0.6 + 0.3, and 0.9 + 0.4 for 
3 regions of interest, respectively (p <0.001). The late 
MIBG uptake was significantly lower in all regions af- 





FIGURE 1. Representative sets of thallium-201 (TI-201) and 
meta-iodobenzyiguanidine (MIBG) tomograms from a patient 
who sustained a recent anterior myocardial infarction. Top 
row of images are the thallium-201 tomograms and the mid- 
die and lower tomograms are the 15-minute and 4-hour 
MIBG tomograms, respectively. The first column is a vertical 
long-axis section and the second, third and fourth columns are 
the apical, midventricular and basal ventricular short-axis sec- 
tions, respectively. 
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ter anterior than inferior AMI; 0.3 + 0.2 vs 0.5 + 0.5 
(infarct region), p = 0.019; 0.4 + 0.4 vs 0.7 + 0.4 (zone 
bordering the infarct), p = 0.018; and 0.7 + 0.3 vs 1 + 
0.3 (zone distant from the infarct), p = 0.014. 

Relation between regional abnormalities in four- 
hour MIBG uptake, left ventricular function and myo- 
cardial perfusion: A significant inverse correlation was 
found between the size of the 4-hour MIBG defect 
score and the predischarge left ventricular ejection frac- 
tion, r = —0.73, p <0.001 (Figure 3). Despite the wide 
disparity observed between the TI-201 and the 4-hour 
MIBG defect scores, a significant correlation was ob- 
served between these 2 variables, r = 0.66, p <0.001 
(see Figure 4). 

Relation between ventricular arrhythmias in the 
late hospital phase and abnormalities in regional myo- 
cardial MIBG uptake: Significant ventricular ectopy 
was detected in 11 patients. Nine patients had evidence 
of >1 ventricular premature depolarization per hour, in- 
cluding 2 with paired ventricular premature complexes 
and 1 patient with ventricular tachycardia during pre- 
discharge 24-hour ambulatory monitoring. In addition, 
2 patients had 21 episode of ventricular tachycardia de- 
tected during hospitalization despite <1 ventricular pre- 
mature complex per hour on 24-hour electrocardio- 


MIBG (1S MIND 


+ 


MIBG (4 HR) 


r 


FIGURE 2. Images from a patient who recently sustained an 
inferior myocardial infarction. Abbreviations as in Figure 1. 


239 


and 


i 


itr ular ectopy or s 
er hour. The 4-hour MIBC defect 


LVEF (%) 











a sion a the late MIBG defect’s scores in thee: 2 groups 


n of patients, 31 + 18% and 23 + 18%, respectively. 
Plasma catecholamine ‘samples: ‘The mean serum 
4 citecholamitie level of the patients studied was 399 + 
259 pg/ml. There was a weak inverse correlation with 
the predischarge left ventricular ejection fraction, r = 
0.43, p = 0.027. No significant correlation was ob- 
` - served between the serum catecholamine level and the 
-.. MIBG defect score or MIBG uptake in the 3 regions of 
interest (infarct, border and distant zones). 

_ Follow-up studies of MIBG uptake: Five patients 
underwent repeat study 6 + 0.5 months after the initial 
study. At that time, all 5 patients still had abnormalities 

of MIBG uptake in the region of AMI. There was no 

difference between the follow-up and initial studies in 

. the degree of mismatch between the thallium and 4- 
hour defect scores, 21 + 12% and 23 + 11%, respective- 
ly, difference not significant. 


DISCUSSION 
1o -Principal findings: These results demonstrate that 
the effects of AMI on regional cardiac adrenergic func- 
tion in humans can be evaluated noninvasively using 
Sei single-photon emission computed tomography. We have 
also shown that the abnormalities in regional adrenergic 
function are more severe than the associated abnormali- 
-ties in myocardial perfusion. In addition, we have ob- 
-~ served that anterior AMI results in more severe disrup- 
- tion in adrenergic function than inferior AMI. Finally, 
the severity of the abnormality in regional adrenergic 
function correlates with the degree of left ventricular 
dysfunction and may be related to ventricular ectopy 
after AMI. 

Experimental myocardial infarction has been shown 
to result in the disruption of sympathetic nerves as they 
run a course adjacent to the coronary arteries on the 
epicardial surface of the heart.*>° In addition, these 
studies have shown that the resulting area of sympathet- 
ic denervation is more extensive than the area of myo- 

_ cardial infarction. As a consequence, there is an area of 
~~ noninfarcted myocardium that is denervated. This area 
of myocardium has been shown to have decreased cate- 

-cholamine content, to be suprasensitive to infused cate- 

cholamines, and to have “denervation supersensitivity,” 
-= which may provide a substrate for the genesis of ven- 
tricular arrhythmias. 21,27 
~ Dual imaging with radioiodinated MIBG and TI- 
201 has been used to evaluate simultaneously the integ- 
rity of cardiac adrenergic function and myocardial per- 
_ fusion in a canine model.*° Minardo et alë showed that 
_ AMI results in MIBG defects that are more extensive 
othan the corresponding TI-201 defects. The presence of 
sympathetic denervation in the area of absent MIBG 
<= uptake was confirmed using neuroelectrophysiologic 
techniques. 
© Our results reveal a difference between the early 
nd late distribution of MIBG. The early (15-minute) 
3 uptake, which has been previously suggested to 
oth neuronal and nonneuronal uptake, revealed 
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Therefore, this igplies: the exis -regii 
the border of the infarct that has different MIBG 
ics. The etiology of this remains speculative but may 
result from the presence of ischemic or stunned myocar- 
dium bordering the infarct zone where MIBG concen- 
trates in a different manner than in the adjacent normal 
myocardium. Late (4-hour) MIBG uptake reflecting” 
neuronal uptake revealed abnormalities that were more 
extensive than the associated abnormalities in myocar- 
dial perfusion. These findings are similar to those re- 
ported by Minardo et al. 
Relation with left ventricular function: Previous 
studies have demonstrated abnormalities in MIBG up- 
take in patients with ventricular dysfunction result- 
ing from dilated cardiomyopathies.®’ Schoffer et al’ 
showed a positive correlation between the myocardial 
concentration of norepinephrine and I-123 MIBG activ- 
ity obtained from endomyocardial biopsy samples of pa- 
tients with dilated cardiomyopathies.’ Our results show 
a significant inverse correlation between the severity of 
the late MIBG defect score and the predischarge left 
ventricular ejection fraction. This may be explained in 
part by the size of the associated myocardial infarction 
since a similar relation was found between the left ven- 
tricular ejection fraction and the Tl-201 defect score. 
However, there was a significant inverse relation found 
between the predischarge left ventricular ejection frac- 
tion and absolute late MIBG uptake (counts per pixel 
per mCi) in the infarct, border and distant zones. This 
latter finding suggests that MIBG uptake, and conse- 
quently myocardial norepinephrine concentration in in- 
farcted and noninfarcted myocardium may be related to 
the severity of left ventricular dysfunction after AMI. 
Correlation with ventricular ectopy: One of the pos- 
tulated mechanisms for the genesis of ventricular ar- 
rhythmias in patients with AMI is the disruption of ad- 
renergic innervation of the heart. Experimental AMI 
has been shown to result in the disruption of efferent 
sympathetic nerves and denervation of an area of in- 
farcted and contiguous noninfarcted myocardium. The 
area of noninfarcted denervated myocardium has been 
shown to develop denervation supersensitivity which 
may be arrhythmogenic.*! The limited number of pa- 
tients studied restricted the number of classifications 
that could be based upon the frequency and complexity 
of arrhythmias. The detection of complex ventricular 
ectopy (paired ventricular premature complexes or ven- 
tricular tachycardia) or the presence of a ventricular 
premature complex rate of 21 per hour during the late 
hospital phase after AMI has been shown by the Multi- 
center Post-Infarction Research Group to result in a 
significant increase in the 2-year mortality rate com- 
pared with pahients with <1 ventricular premature com- 
plex per hour.'' Therefore, we diviced patients into 2_ 
groups: those with no evidence of complex ventricular. 
ectopy and a ventricular premature complex frequency i 
of <1 ventricular premature complex per hour- an 
those with complex ventricular ectopy and 21 ventricu 
lar premature complex per hour during the late hos 
átients with evidence of ‘sign 
















































A , or A 

ow-up studie Followup studies were per- 
ed to ea ‘whether any improvement oc- 
ed in regional cardiac adrenergic function which 

ave reflected sympathetic reinnervation. Follow- 
dies were obtained in 5 patients, all of whom 
xd evidence of regional abnormalities 6 months af- 
the index infarction. No significant change in the 
MIBG defect score or the degree of mismatch between 
myocardial perfusion and 4-hour MIBG defect scores 
was observed during this period. 
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uctive coronary artery vasculopathy can be a 
i remem after cardiac a The use "i 
opa thy was studied in 73 consecutive patients af- 
<- ter heart transplant. Angiographically or autopsy- 
os proved coronary artery disease was noted in 19 
__ consecutive patients (26%) followed prospectively 
fo 2.5 + 1.3 years (mean + standard deviation). 
‘atients underwent yearly surveillance echocardio- 
_.. graphic, rest/exercise—gated wall motion, oral di- 
__pyridamole thallium, ambulatory electrocardio- 
: graphic monitor and angiographic studies. Positive 
test results were defined by decrease in ejection 
fraction, wall motion abnormality, failure to in- 
srease ejection fraction, lack of systolic blood pres- 
sure increase, and ischemic ST changes at maximal 
`- exercise (or on ambulatory monitor). Wall motion 
abnormalities and depressed ejection fraction on 
echocardiography were also abnormal studies as 
_. were fixed or reversible perfusion defects on thalli- 
um scan. Angiograms were considered positive 
~ when 50% luminal narrowing was observed and 
_ -autopsy coronary artery vasculopathy was defined 
as cross-sectional coronary o ion >70%. 
-=> No procedure that was examined proved to be a 
> sensitive noninvasive detector of heart transplant 
oronary artery vasculopathy. All except ambulato- 
À as 'ocardiographic monitoring had positive 
icti ve values <50%. Interestingly, of the tech- 























-sit ve (53%) The poor predictive ability of noninva- 
E sive testing in this population may be due to the 
act that these tests are designed to detect effects 

f ischemia rather than coronary ohstruction alone. 





opani should be reconsidered because 
-of their low sensitivity and predictive value when 
used as a surveillance screen. 

i (Am J Cardiol 1991;67:243-247) 
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ment for end-stage heart disease, and recent prog 

ress in immunosuppression has increased trans: 
plant recipient survival to 70% at 3 years.'!? Although 
the diagnosis and treatment of rejection and infectior 
continues to improve, a substantial percentage of pa- 
tients will die or require repeat cardiac transplantation 
because of coronary arteriopathy (coronary artery vas- 
culopathy).*~° Gao et al pointed out that the cumula- 
tive incidence of coronary artery vasculopathy was well 
over one-third of their total heart transplant populatio 
Despite recognition of this problem, there remains in- 
complete understanding of its pathophysiology. Trans- ` 
plant vasculopathy is clearly different from native coro- 
nary vessel arteriosclerosis. Whereas allografts may 
show focal obstruction quite similar to native vessel dis- 
ease, the majority of transplant coronary artery vascu- - 
lopathy is a diffuse, concentric narrowing affecting the 
large epicardial and small endocardial arteries.’ This 
difference creates unique challenges. 

The accuracy of noninvasive tests in detecting coro- 
nary artery vasculopathy after cardiac transplantation — 
has not been completely characterized. Reports on the | 
use of thallium scintigraphy in patients who have had — 
heart transplants are conflicting.’ To assess critically - 
the usefulness of some of the more commonly available ` 
noninvasive predictors of coronary artery vasculopathy, — 
we examined 73 consecutive patients who had under- 
gone orthotopic cardiac transplantation utilizing coro- 
nary angiography and a spectrum of noninvasive tests. — 
This study was specifically designed to evaluate the pre- 
dictive value of these tests in detecting heart transplant - 
coronary artery vasculopathy. 


METHODS ; 

Patient group: This study prospectively followed 73 _ 
consecutive orthotopic cardiac transplant patients re- 
ceiving new hearts between April 1984 and August 
1989 (Table I). There were 65 men and 8 women 
(mean age + standard deviation, 47 + 14 years). Mean 
follow-up time was 2.5 + 1.3 years, These patients were 
examined in both a cross-sectional and longitudinal 
fashion for the development of coronary artery vase 
lopathy. In addition, patients were followed for rej 
pa The pasted en onan annnak } bas 


(C i transplantation is now a common treat- 























































































c t having autopsy in the event ae death. 
-Patients received a standard immunosuppressive 
rotocol, previously described, that included azathio- 
rine, prednisone and eyclosporine.!? Monoclonal anti- 
body therapy (OKT3) was not routinely used as induc- 
ion prophylaxis in the early postoperative period. Re- 
ection episodes were treated with an ad hoc protocol 
ommon to most heart transplant centers. 
< Cardiac catheterization: Annual diagnostic left-sid- 
ed cardiac catheterization with selective coronary arteri- 
ography was routinely performed as previously men- 
tioned. Some patients, because of symptoms possibly 
‘related to coronary artery vasculopathy, had more fre- 
quent catheterization, and patients who had transplan- 
‘tation after June 1988 (n = 7) underwent a 6-week 
posttransplant catheterization for baseline documenta- 
tion of coronary artery status. The cineangiograms were 
-all recorded with similar catheter sizes, magnification 
nd views, and were analyzed by 2 independent cardiol- 
gists who were unaware of the patients’ clinical status. 
In the event of a discrepancy between the 2 interpreters, 
‘a third cardiologist reviewed the films, again in a 
masked fashion, and the patients were placed in a group 
with 2 agreeing votes. The patients were said to have 
coronary artery vasculopathy if any vessel had a >50% 
~ luminal narrowing by visual assessment. The diagnosis 
of this disease by arteriography is problematic. The cut- 
off of 50% was chosen so that the diagnosis could be 
made with relative certainty by visual assessment. 
Two-dimensional echocardiography and Doppler im- 
aging were performed with a standard Hewlett Packard 
model 77020A diagnestic echocardiogram using a 2.5- 
-MHz transducer. All patients were studied in the left 
lateral recumbent position using multiple views through 
the parasternal and apical windows. The views selected 
for ejection fraction measurement were parasternal long 
axis, apical 2 chamber and apical long axis. Ejection 
-fractions were measured at end diastole and end systole 
and calculated on an off-line computer and quantitative 
program (Digisonics, Houston, Texas). All images ana- 
lyzed were of technical quality adequate to assess wall 
motion and ejection fraction and the method for quanti- 
‘tation has been substantiated by our laboratory. An 
echocardiogram was considered abnormal and indica- 
tive of ischemic disease if there was a reduction in ejec- 
: tion fraction from the postoperative baseline without ev- 
“idence of rejection or if any wall motion abnormality 
-was present. Echocardiography, when regional wall mo- 
-tion abnormalities are present, has been shown to be 
5% sensitive for detecting coronary occlusion in pa- 
‘tients with suspected myocardial infarction.''! 
Gated radionuclide wall motion angiograms were 
ybtained using 30 mCi of technetium 99-m injected 
ugh a peripheral vein. A single-crystal gamma cam- 


pose collimator \ was used. The ¢ cam- diogra see or hemodynamic change after the oral dose. a 
ve : ‘Bal l N ee ee ee £ F 






the resting images ‘were obtained, h 
went supine bicycle exercise starting at 200 kp m for 180 ee 
seconds per stage with doubling of work load at each 3- 
minute stage. A study was considered abnormal if: (1) 
rejection could not be documented and there was a de-  ~ 
crease in left ventricular ejection fraction from a previ- 
ous gated wall motion study; (2) with exercise, the pa- = 
tient developed a new wall motion abnormality; (3) a 
there was a decrease in ejection fraction during exercise; 
or (4) there were any wall motion abnormalities, either 
global or segmental, were noted on a resting study that 
had not been noted previously and remained unchanged 
during the exercise state. This study in the patient with- 
out transplantation has proved useful in detecting: me zS 
severity of coronary artery disease. !? : 

Ambulatory electrocardiographic monitoring was E 
obtained over 48 hours using 2 sequential 24-hour am- ~— 
bulatory monitors with event recorders (Delmar model 
419), and these recordings were then analyzed on a Del- 
mar 7 Inovator computer-assisted electrocardiographic a 
analyzer. Any abnormalities noted by the scanning .. 
technologist were double checked by a cardiologist. 
again unaware of the patient’s clinical status. Ambula- 
tory monitor recordings were analyzed for bradycardia -~ 
or tachyarrhythmias, frequent ventricular premature ` 
complexes or the presence of ST-segment changes. A _ 
positive study was one in which any horizontal ST - 
change >1.5 mm occurred or nonsustained ventricular _ 
tachycardia was noted (23 beats), or any bradycardia -> 
<40 beats/min were recorded. This test was used to. 
detect silent or manifest myocardial ischemia. In pa- - 
tients with native coronary artery disease similar ST- 
segment changes indicate ischemia.!4 7 + 

Exercise electrocardiograms were obtained during F 
the gated wall motion exercise study. These were done 
on a supine bicycle ergometer using a standard protocol 
of stepwise increase in work beginning at 200 kpm and 
increasing by 200 kpm with each stage. During exercise 
the patient’s blood pressure was monitored every 2 min- 
utes and the patient had constant electrocardiographic . __ 
monitoring throughout the exercise period. An abnor- 
mal study was considered one in which a decrease in 
systolic blood pressure or failure of systolic blood pres- 
sure to increase with exercise by 10% was noted. The 
exercise test was also considered positive if any ST ab- 
normality consistent with ischemia was present. 

The final diagnostic test performed was a dipyrida- 
mole thallium perfusion study. Patients were given 300 
mg of oral dipyridamole in a suspension. The use of 400 
mg of dipyridamole has been shown to be as good a 
predictor as maximal exercise thallium or intravenous 
dipyricamole.'* We used 300 mg of dipyridamole in our 
laboratory to avoid the excessive adverse effects seen — 
with 400 mg. The patients were then monitored closely 
for any adverse effect and for any significant electrocar-. 
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p Value 





T- Recipient age - 
















47414 44414 48414 NS 
Donor age 27+9 2527 2749 NS 
-iced Days alive 927+481 9164511 9314474 NS 
ai ischemic time 156472 150476 158471 NS 
=i. Recipient gender 
Men 65(89%)  15(79%)  50(93%) 0.1 
Women 8 (11%) 4(21%) 4(7%) 
‘Donor gender ; 
4 Men 59(81%)  14(74%)  45(83%) NS 
of .. Women 14(19%) 5 (26%) 9 (17%) 
| CHF etiology | | 
~ CAD 40(55%)  12(63%)  28(52%) NS 
<b IDC 26 (35%) 6 (32%)  20(37%) 
“1 Valvular 5 (7%) 1 (5%) 4(7%) 
| Other 2 (3%) 2 (4%) 








|. CAD = coronary artery disease: CAV = coronary artery vasculopathy; CHF = 
~ |. Congestive heart failure, IDC = idiopathic dilated cardiomyopathy; NS = not signifi- 
' 4 cant {p >0.05). 


 thallium-201 was injected intravenously and flushed 
_ with saline solution. Imaging was obtained with a single 
crystal rotating gamma camera (ADAC ARC 3000- 
<: 3300) with a high-resolution parallel-hole collimator. 
< The image was obtained over a 180° acquisition arc. 
. Tomographic slices were then reoriented in the standard 
_ horizontal long, vertical long and short axes for visual 
< “and quantitative analysis. In addition, quantitation was 
<- done using a 2-dimensional polar map of myocardial ra- 
< dionuclide activity. The map was generated based on 
_ pixel count activity of each short-axis slice, and the po- 
¿o lar map of each patient statistically compared with a 
__ normal data bank as previously reported by our labora- 
_ .tory.'? The test was considered abnormal if there was a 
_. visual or quantitative (>3% on polar map) perfusion de- 
fect either fixed or with reperfusion. If a defect was 
-< „present, patients underwent 4-hour and occasionally 24- 
hour reperfusion imaging. This test has been shown to 
be a sensitive predictor of coronary obstruction >50%.2° 
ral dipyridamole was used because this preparation 
<: was available and approved for use, and in our laborato- 
- Ty at a dose of 300 mg, it had an 89% sensitivity for 
-detecting lesions in patients without myocardial in- 
< farction.?! 
¿>> All noninvasive tests were interpreted by observers 
_ Unaware of the clinical status of the patients, partic- 
ularly of angiographic results. Autopsy examination of 
_. hearts from deceased transplant patients were examined 
-in standard fashion with particular attention paid to the 
- epicardial coronary arteries. Coronary artery vasculopa- 


-thy was considered present if focal or diffuse obstruc- 


«tion of >75% cross-sectional diameter was observed. 

«Statistical analysis: Data were analyzed using the 
mputing capabilities of the CLINFO data analysis 
m. Standard descriptive statistics characterized the 
Continuous variables were compared with t 
escriminati 1 









































ients showed a trend toward more women in the coro- . 


ng variables were compared using 
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Gated wall motion 58 (79%) 15(21%) 

Echocardiogram 73 (100%) 

24-hour ambulatory ECG (Holter) 59 (81%) 14(19%) 

Oral dipyridamole thallium 57 (78%) 16 (22%) 

Supine bicycle exercise 58 (79%) 15(21%) 
Forty-five of 73 patients underwent all 4 studies. 


ECG = electrocardiography. 











sive test used angiographic or autopsy evidence of coro- 
nary artery vasculopathy as the reference positive stan- 
dard. These values were determined using standard for- 
mulas: sensitivity = true positive/true positive + false — 
negative; specificity = true negative/true negative +- 
false positive; positive predictive value = true positive/ 
true positive + false positive; negative predictive value 
= true negative/false negative + true negative. 


RESULTS | : 
Based on angiogrpahic and autopsy data, the pa- 
tients were classified into 2 separate groups, those with 
(n = 19) and those without (n = 54) angiographic coro- 
nary artery vasculopathy. Results of the demographic 
analysis are summarized in Table I. The 2 groups were © 
compared to determine any differences. No statistical © 
difference was noted between the groups with and with- 
out coronary artery vasculopathy regarding recipient . 
age, donor age, donor ischemic time or the etiology of — 
the recipient’s native heart disease. The sex of the recip- - 







































nary artery vasculopathy group. This may relate to the 
hypothesis that coronary artery vasculopathy is an im- 
mune-mediated phenomenon and young women have © 
higher levels of rejection.?* This trend, however, did not 
attain statistical significance, possibly because during — 
this time few women underwent cardiac transplanta- — 
tion. Additionally, endomyocardial biopsy scores did not — 
correlate with the presence or absence of coronary ar- 
tery vasculopathy in a representative subset of these pa- 
tients as previously described.23 No difference was not- 
ed in immunosuppressive treatment protocol between 
the 2 groups. | : 

Each noninvasive indicator of coronary artery vascu- ` 
lopathy was tested separately. Patients had variable 
numbers of each test due to the longitudinal nature of 
this study (Table IT). Some patients may not have had a 
particular study for various reasons. Of the 73 patients. 
studied, 45 had all 5 tests at least once; 15 patients had 
no gated wall study, 14 patients had no Holter and 16° 
patients had no persantine thallium. The total numbe 
of tests done in each category included 966 echocardio 
grams, 99 Holters, 174 gated wall motion studies, 
exercise tests and 103 thallium scans. a 

A test was considered positive if a 
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enty-three orthotopic transplant patients between February 1984 and Janu- 
-ary 1988. 

Echo = echocardiogram, Exercise = supine bicycle exercise test: GWM = gated 
iwal motion study; Holter = 24-hour ambulatory electrocardiogram:. Thallium = oral 
dipyridamole thallium test. 


“artery vasculopathy (47%) compared with 15 of 43 pa- 
tients without coronary artery vasculopathy (35%) (dif- 
ference not significant [NS]). Results of the exercise 
‘study were similar: 11 of 43 tests in patients without 
coronary artery vasculepathy were positive (26%) vs 3 
-of 15 in the group with coronary artery vasculopathy 
(20%) (p = NS). Single-photon emission computed to- 
-mography dipyridamole thallium imaging showed that 
6 of 43 patients without (14%) and 3 of 14 patients 
with (21%) coronary artery vasculopathy had a positive 
“study (p = NS). Echocardiographic wall motion abnor- 
“malities or depressed ejection fraction were more fre- 
-quent in the group with coronary artery vasculopathy 
“(11 of 19 [58%] vs 17 of 54 [31%] patients without 
coronary artery vasculopathy) but this was of marginal 
significance (p = 0.039). The most striking difference 
was seen with ambulatory monitoring, where detection 
of any arrhythmia was significantly more frequent in 
the group with coronary artery vasculopathy: 9 of 16 
- (56%) compared with 8 of 43 (19%) in the group with- 
-out coronary artery vasculopathy (p <0.01). However, 
-ambulatory monitoring analyzed for ST shifts showed 
-no significant difference. 
© The sensitivity, specificity, positive and negative pre- 
- dictive values of each of the noninvasive tests examined 
-are depicted in Table III. The positive predictive value 
for coronary artery vasculopathy of a Holter test show- 
ing arrhythmia was 53%, and of an echocardiogram 
-with an ejection fraction <50% was 39%. The specific- 
ity and negative predictive values of all tests, however, 
were high (>75%), but because of low sensitivity and 
positive predictive value, these studies are not good 
screening tools for detecting the presence of coronary 
artery vasculopathy. The positive predictive value is par- 
ticularly interesting, the highest being ambulatory mon- 
itoring (53%) and the lowest, exercise testing (21%). 
These predictive values are no better than chance in se- 
lecting patients with coronary artery vasculopathy. 
> Table IV lists the total number of tests done. Be- 
cause many patients had serial studies at annual follow- 








TE) 


p visits, the number of tests was substantially higher 
the number of patients followed. This table also 


nonst the significant cost incurred by perform- 























$750,000 and thei 


expense if these tests Data 


“Total — Test|- Total 


$1,070 $110,210 | 


















Thallium 28 75 103 
Perfusion 3 6 $e fos 
GWM 52 122 174 $931 $161,994 | 
Wall abn 8 18 . Shee 
Ex EF 5 18 
Holter 277 72 99 $518 $51,282 | 
Any arrhythmia 8 12 | 
Tachyzardia only 7 ll 
Bradycardia only 1 l SE 
Echocardiography 278 688 966 $443 $427,938 
Wall abn 14 22 
Echo <50% 13 22 
Total cost $751,424 










BP = biood pressure. EF = ejection fraction: Perfusion = perfusion defect on 
thallium scan: Wall abn = abnormal wail motion present; other abbreviations as in . 
Tables I amd IR. k 





sults would have little effect on the ability to predict _ 
which patient had asymptomatic coronary artery vascu- — 
lopathy. 


DISCUSSION 

Transplant coronary artery vasculopathy may be the 
factor limiting long-term survival of heart transplant re- 
cipients, and attention has focused on the detection and- 
pathophysiology of this disease. Unfortunately, our abil- 


ity to noninvasively detect coronary artery vasculopathy 


after heart transplant was compromised by the insensi- 
tivity of the tests performed. Specificity, on the other — 
hand, was high. However, this group of patients was. _ 
followed a relatively short period of time (mean follow- _ 
up 30 months) and these tests generally were performed __ 

as routine surveillance studies rather than to address pa- 
tients’ unexplained symptoms. Currently, noninvasive 
methods of coronary artery vasculopathy detection as- _ 
sess effects of ischemia and have been demonstrated as 
sensitive predictors of atheosclerosis in nontransplant 
patients. However, since coronary angiography can de- 
fine anatomic changes, this test and the noninvasive | 
studies sometimes do not agree. Anatomic narrowing ~ 
can be present in the transplant patient without isch- _ 

emia and, conversely, ischemia may manifest in patients- 

with small vessel coronary artery vasculopathy unde- 
tectable by angiography. The diffuse nature of this _ 
disease may result in balanced ischemia that would be | 

difficult to detect by an imaging method that detects 
regional myocardial differences. Other types of nonin- 
vasive surveillance testing such as radionuclide myocar- 
dial perfusion imaging, in the presence of maximal exer- 
cise to induce ischemia, may be a more sensitive coro- 
nary artery vasculopathy indicator. We are currently 
prospectively evaluating the utility of maximal stress _ 
thallium scintigraphy in asymptomatic heart transplant -. 
patients. DENE E ee 








































coronary artery vasculopathy after cardiac transplanta- 
tion described in this report should be reconsidered be- 
cause of test insensitivity, patient inconvenience and 
` cost. It is essential to identify other noninvasive proce- 
~~ dures that might supplant angiography to detect this 
problem. However, it is unknown if these tests, or any 
others, will have prognostic significance in determining 
which patients with coronary artery vasculopathy pro- 
.. ress to retransplantation or death. For example, a posi- 
_ tive noninvasive study predicting cardiac ischemia may 
< have powerful prognostic value despite its. insensitivity 
-when used as a screening tool. Finally, the use of nonin- 
- vasive testing in patients with inexplicable symptoms 
~~ possibly related to ischemic heart disease may still be a 
_ valuable clinical tool in the management of heart trans- 
: plant patients. 
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_ The relation of age and body mass index (BMI) to 
ath t risk factors was examined in 357 
“men. Older (245 years) men had higher (p <0.01) 
systolic and diastolic blood pressures, fasting cho- 
_Jesterol and glucose, and 1-hour glucose and insulin 
levels. Fasting insulin and triglyceride levels were 



















































groups. Although older men (n = 170) had greater 
values for several risk factors, overweight (BMI 
>25.5 kg/m?) increased risk factors more in men 
younger than 45 years (n = 187). In younger men, 
those with higher BMis had a greater prevalence, 

‘ respectively, of blood pressure > 140/90 mm Hg 
(35.2 vs 11.2%, p <G.0001), cholesterol >200 
mg/dl (53.5 vs 29.3%, p <0.001), fasting triglyc- 
erides >150 mg/dl (33.0 vs 10.3%, p <0.0001), 1- 
hour glucose >160 mg/dl (15.5 vs 5.2%, p <0.05), 
_ fasting insulin >11 „U/ml (28.2 vs 5.2%, p 

- <0.0001), and 1-hour insulin >110 4U/mi (28.2 vs 
9.5%, p <0.001). In contrast, among older men, 

_ the prevalence of elevated blood pressure, choles- 
“terol, triglycerides and glucose values was not sig- 
_ nificantly greater in the subgroup with high BMI. 

_ However, elevations of fasting (19.6 vs 6.4%, p 
<0.05) and 1-hour insulin (29.3 vs 11.5%, p 
<0.01) values were more common among older 
men with higher BMis. Data indicate that older 
men have greater values for several cardiovascular 
risk factors than do younger men. Overweight in- 
creases the prevalence of cardiovascular risk fac- 
tors more in younger men. 

(Am J Cardio! 1991;67:248-252) 
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verweight is a risk factor for hypertension, car- n 
diovascular disease? and premature death. >The 
J tisk associated with overweight i isnot uniformly _ 
distributed. For example, overweight increases the risk _ 
of cardiovascular disease? and premature death* more _ 
in younger men. These observations may be partially A 
explained by data indicating that overweight increases o 
the prevalence of hypertension more in younger men. 
However, to our knowledge, differential effects of over- 
weight on the prevalence of other risk factors in these 2. ~- 
groups are unknown. Age-related differences in the ef- 
fects of overweight on cardiovascular risk factor profiles 
in men could have important implications for disease 
prevention. Consequently, we reviewed our risk factor — 
data in men to assess the relation of age to the cardio- 
vascular risk of overweight. i 





METHODS 

Patients: Data were obtained on 378 men self-re- 
ferred to our Atherosclerosis Risk Factor Detection — 
Clinic. Most of the subjects participating in this screen- — 
ing process learned about the clinic through newspa- — 
per bulletins or from acquaintances familiar with the 
program. AR 

Measurements: Height and weight were obtained c on ni n 
lightly clothed subjects without shoes. Body mass index. 
(BMI) was calculated,® and casual (seated) blood pres- — 
sure was measured by mercury sphygmomanometry. 
Diastolic blood pressure was determined by phase IV of 
the Koretkoff sounds. Heart rate was quantified by pal- 
pation of the radial pulse. Blood samples were drawn i a 
the fasting state for plasma cholesterol,’ triglycerides,’ ~ 
immunoreactive insulin? and whole blood glucose.” Sub- ~ 
jects then drank 100 g of glucose in 10 ounces of water — 
over the next 5 minutes. A l-hour blood sample was | 
obtained for measurement of whole blood glucose and — 
plasma insulin. In 8 patients studied on or after March 
6, 1986, blood glucose was measured in serum! rather 
than in whole blood. Glucose values from the last 8 per- 
sons were converted to whole blood glucose by the for- 
mula: whole blood glucose = (serum glucose — 6)/ 
115.7 

Top normal values (mean + 2 standard deviations 
[SD]) for fasting and !-hour insulin were obtained ina 
aS seen in the E Risk Factor Detec- a 








mean as 2 SD : = 110. 03). Therefore, it sad 110 
selected as top normal fasting and 1-hour insulin 
alues, respectively. Our values for fasting and 1-hour 
‘postglucose (100 g) insulin levels concur with those ob- 
ained by Bjorntorp et al’? in physically fit, non-over- 
weight men who were 54 to 56 years old. _ 
. Statistical analysis: Twenty-one men with fasting 
glucose >150 mg/dl or 1-hour glucose >250 mg/dl or a 
; istory of diabetes, or any combination of these, were 
liminated from the analysis, since the insulinemic re- 
| ponse of moderate and severe diabetic patients to an 
increase in glucose is significantly impaired. 13 Thus, the 
inal study group consisted of 357 men. Differences be- 
ween the 2 subgroups of men demarcated by age < vs 
-45 years were assessed by Student’s ¢ test. The effect 
of BMI < vs 225.5 kg/m? within each subgroup on the 
revalence of selected risk factors was examined with 
-square analysis. The triglyceride data were not nor- 
mally distributed.'* The triglyceride values were loga- 
mically transformed to normalize the distribution. 
Data analyses were conducted using established statisti- 
al programs.!5 


-n -Descriptive variables (mean + standard error of the 
mean) for the 2 groups of men stratified by age < vs 
=. 245 years are listed in Table I. The age limit was 
- adapted from the Australian Heart Foundation Study 
<- which observed a stronger relation between overweight 
and prevalence of hypertension in men <45 years versus 
~~ other age and gender subgroups.° Older men had great- 
er values than younger men for several risk factors. Ta- 
` ble II presents data on men within each age group de- 
marcated by BMI <25.5 vs 225.5 kg/m?. Overweight 
tended to cause larger increases of risk factor levels in 
: younger men. 
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ups stratified by age < or 245 years and BMI < or 
ps / m? whose values exceeded a E 


Men <45 Years 









225.5 kg/m? 
(n=71) 


<25.5 kg/m? 
(n= 116) 










| BMI (kg/m3 


a 23.0 +0.2 29.3 + 0.4 
| Systolic BP 11941 12642 
. ~ Diastolic BP 7841 8641 
HR (beats/min) 71i+1 7341 
IRE GU fm) 4.24+0.3 8.6+0.8 
‘hour IRI (uU /mi) 5343 9347 
7, 88 + 1 









Stratification 
































Age (years) 32.4 0.5 56 +0. l 
BMI (kg/mm?) 25.4£0.3 26.0 + 0.2 NS 
Systolic BP (mm Hg) 1211 1304-1 <0.0001 
Diastolic BP (mm Hg) 8il 84+1 <0.04 
HR (beats/min) 7241 — 7341 NS 
HR Um) 5.9404 6.1404 NS 
1-hour IRE GU /r) 68 + 4 . 8544 0.002 

| TG (mg/dl) 12648 13547 NS (log) 
FWBG (mg/dl) 91+1 9541 <0.01 
1-hour WBG (mg/dl) TRETA 14243 <0.0001 
TC (mg/dl) 190 +3 21143. <0.0001 










BMI = body mass. index: BP = blood pressure: f= fasting, HR = heart rate; IR} = | 
plasma immunoreactive insulin: NS = not significant (p >6.05); TC = ae plasma |: 
cholesterol; TG = tasting plasma triglycerides; WBG = whole blood glucose S 










BMI cutpoint was also adapted from the Australian 
Heart Foundation Study which observed a sharp in-- 
crease in the prevalence of hypertension among men i 
<45 years whose BMI exceeded this value. A BMI of 
25.5 kg/m? corresponds to a Metropolitan Relative 
Weight of 109 to 113% according to the 1959 Tables.!6 

The risk factor prevalence data in Table HI are- 
based on the following: | 

l. BLOOD PRESSURE: Systemic hypertension was de- 
fined as casual blood pressure 2140 mm Hg systolic or 
=90 mm Hg diastolic, or both (Korotkoff phase IV). : 

2. CHOLESTEROL: Cholesterol values 2200 mg/dl- 
were defined as elevated based on National Cholesterol ` 
Education Program guidelines.!’ o 

3. TRIGLYCERIDES: Triglycerides >150 mg/dl were 
considered abnormal, since decreased high-density cho- i 
lesterol values are frequent in persons with triglyceride - 
concentrations exceeding that level.!8 

4, FASTING AND ONE-HOUR WHOLE BLOOD GLUCOSE: 
The upper normal limits for fasting and 1-hour glucose 
are based on the Fajans-Conn criteria.!! 

5. FASTING AND ONE-HOUR INSULIN: Normal limits 
for fasting and 1-hour insulin values are defined in 
Methods. ? 

Younger (<45 years) overweight men (BMI 225.5. 
kg/m“) had a significantly higher prevalence for mea- 
































Men 245 Years 








> 25.5 kg/m? 
(n =92) 


<25.5kg/m2 
(n= 78) 


















23.4402 28.2+0.2 <0, 

<0.002 13042 130+2 NS 

<0.0001 8341 8441 NS 

NS 7241 7341 NS. 

<0.0001 47+04 74406 <0.0002 

<0.0001 6945 9846 <0.000 
9441 NS) 





95413 — 






























l <255 ee 
. (n= 116) 



















11 BB tee 44 Al 
17t 14 13 11 
29 54*e 55 65 
: 00t 1.4 26 5.4 
TG 10 Bg 28 30 
fWBG | L7 56 2.6 3.3 
1-hour WBG 5.2 155° 18 24 
i 5,2: pgr*as 6.4 20* 


eo" 


“ pvalue <- o 5. 55: = T) ISR #4 GOOL, **** 0.0001 by chi-square. 
t Percent taking antihypertensive medications. 

- t Percent taking hypolipidemic medications. 

Hin = Pene other abbreviations as in Table |. 











ured risk factor variatles, except fasting glucose, than 
eaner men of similar age (Table HI). Older men mani- 
ested smaller BMlI-related increases in the prevalence 
f risk factors. Figure 1, which is based on data in Table 
H, shows the excess and relative risks of overweight for 



































oa and 1-hour nha and insulin, However 
other risk factors including BMI,*! heart “ae | 
fasting triglyceride? insulin levels?* were not sig 
cantly different between the 2 groups (Table. D 

Influence of overweight on risk factor values within 
each age group: Overweight younger men had signifi 
cantly greater values for measured risk factor variables. 
except heart rate (Table II). The effect of overweight ; 
was generally less among older men (Tables I and ` 
and Figure 1). Overweight younger men have a cardio- 
vascular risk factor profile (Table HI) ‘comparable to: 
older men who are at the greatest absolute risk of car- 
diovascular disease.’ 

Blood pressure: Overweight (BMI >25.5 kg/m?) 
was associated with a threefold higher prevalence of hy- 
pertension in younger men. In contrast, overweight was: 






























Hin Chol Trig FWBG thr WBG FIRI thr IRI FIGURE 1. Effect of body mass index 
ba on the excess (top panel) and rela- 
[] <45 yeas tive (bottom panel) risk for selected car- =e 
Mi 2 45 yeas diovascular risk factors in men stratified 


by age. Chol = cholesterol; F = fasting; 
Hin = hypertension; IRI Bi reroll 
noreactive insulin; TRIG = triglyce a 
WBG = whole blood glucose. 




















data are similar to the findings of the Aust 
\ Foundation study" which reported a stronge 


with other age and gender subgroups. Nevertheless, 


overweight may increase the risk of heart failure in both 
- > younger and older hypertensive subjects by imposing a 
.. dual burden of elevated preload on a heart working 


-= against a higher afterload.25 

Insulin: An association between weight, insulin and 
_ hypertension was reported. Insulin levels, per se, are 

an unlikely explanation for the stronger association be- 

tween overweight and hypertension in younger men, 


7 _ since overweight increased the prevalence of fasting and 


_ I-hour hyperinsulinemia in both age groups (Table III, 
_ Figure 1). However, insulin induces greater neurogenic 
¿ -activation in men <40 vs men >60 years old.2’ These 
__ findings could contribute to the greater plasma norepi- 
_ nephrine and vascular a-adrenergic tone in overweight 
-versus leaner young men.? Consequently, differences of 
-insulin action rather than insulin concentration may ex- 
> plain greater effects of overweight on blood pressure in 
_ younger versus older men. 

-. Glucose: Older men had higher values for fasting 
< -and 1-hour glucose despite higher 1-hour insulin values 
_ (Table I). This suggests that insulin resistance contrib- 
-utes to an age-related decline of glucose tolerance in our 
`- subjects. The prevalence of fasting hyperglycemia was 





z -sufficiently low in all subgroups to the extent that no 


significant differences were observed. However, the age- 
corrected prevalence of 1-hour hyperglycemia}! was sig- 
_ nificantly increased by overweight only in younger men. 
_ However, as noted previously, overweight was associ- 
> ated with an increase in l-hour hyperinsulinemia in 
= both younger and older men (Table III, Figure 1). 
<- These data suggest that overweight is associated with 
>- greater resistance to insulin’s effects on glucose disposal 
_ OF suppressing gluconeogenesis, or both, in younger 
_ men. | | 
Triglycerides: Younger men had a larger BMI-re- 
_ lated increase in the prevalence and relative risk of 
-` hypertriglyceridemia (Table III, Figure 1). However, 
_ insulin normally suppresses hepatic very low density li- 
_ poprotein production.” Thus, a greater weight-related 
_. hepatic resistance to insulin in younger men may ex- 
_ plain our triglyceride data. 

-> Cholesterol: Cholesterol levels were higher in older 






. -men (Table I). Overweight significantly increased the 


prevalence of cholesterol values >200 mg/dl only in 
_ younger men. The absence of a significant effect of 
_ overweight on cholesterol values in men 50 to 79 years 
= old was documented previously.’ Although the cause 


_. for these age-related differences is unknown, greater ef- 


ects of overweight on a-adrenergic tone in younger 

1 could partially explain these observations.>! 
imitations of this cross-sectional study and com- 
s to previous epidemiologic investigations: 


ce we observed age-related 















bo orted a stronger relation of 
~~ weight to hypertension in men <45 years old compared 


rere obtained on self-referred men who may _ 


‘ alues in our st 
len. is of particul: 


values for men aged 3 
| National Health and 
Nutrition Survey H were 25.6 + 4.0 and 26.2 + 3.9 kg/ 
m°, respectively.*? These BMI values are very similar to 
those for the younger and older men in this study (25.4 
+ 4.0 and 26.0 + 2.6 kg/m?, respectively). 

The results from our study are consistent in other 
respects with observations from larger surveys. First, in 
the Australian Study,’ the strongest relation between 
weight and blood pressure was observed in men aged 
<45 years. Second, the relatively minimal differences in 
cholesterol between overweight and leaner elderly mer 
were also noted previously. Third, whereas older me 
have higher values than younger men for several ris 
factors, our data (Table II) are consistent with reports 
that overweight has greater adverse health effects in 
younger men.*+° In fact, increased cardiovascular risk 
for younger men begins at mild levels of overweight.2 
Because the mean BMI for men of this age group (Ta- 
ble I) lies at the margin of increased risk, large numbers 
of younger men are affected.?? : 

This study did not address potential explanations for 
the greater risk of overweight in younger versus older- 
men. The lower apparent risk of overweight in older 
men may reflect premature mortality in younger men 
with high-risk obesity.*3? Another possibility is that old-. 
er men with BMIs <25.5 kg/m? may have suffi 
cient adiposity (replacing lean mass) to raise their risl 
factors. — ia 
Our data extend previous observations by showing 
that overweight is associated with a significant increase. 
in prevalence not only of elevated blood pressure but 
also of cholesterol, triglycerides and 1-hour glucose in- 
younger men. The relative risk of overweight for each of 
these variables appears to be less in older men. Over- 
weight is associated with significant elevations of fasting 
and !-hour hyperinsulinemia in both age groups. How- 
ever, our interpretation of the data suggests that over- 
weight influences insulin action more adversely in youn- 
ger men. 
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_ Francis Stammen, MD, Jan Piessens, MD, Matty Vrolix, MD, James J. Glazier, MD, a 
Hilaire De Geest, MD, and Jos L. Willems, MD 


o determine the relevance of recent refinements in 
zioplasty technology to our particular practice, 
the records of 507 consecutive patients undergoing 
first percutaneous transluminal coronary angio- 
asty (PTCA) at our center between October 1988 
nd May 1989 were reviewed. At the time of 
CA, 41% of these patients had class IV angina 
and 


ach noted io 
ons. There were low incidences of the major com- 
ations of death (0.4%), myocardial infarction 
_ (4.8%) and emergency bypass surgery (1.8%). 
Acute rethrombosis occurred in 54 patients (11%). 
tion was successful in 38 of 47 patients (81%). 
__ Overall, primary clinical success at PTCA was 
achieved in 480 patients (95%). At a mean follow- 
_ up of 7.5 + 1.5 months in 497 of the study pa- 
tients, the event-free rate (freedom from cardiac 
death, myocardial infarction, repeat PTCA or coro- 
__ nary bypass surgery or recurrence of severe [class 
„Hito IV] angina) was 71%. tn conclusion, despite 
often complex coronary disease in patients cur- 
itly presenting to our center, a high initial suc- 
le and acceptable short-term outcome of 
a (Am J Cardiol 1991;67:253-258) 


) partments of Cardiology and Medical Informatics, Univer- 
isberg, Herestraat 49, 3000 Leuven, Belgium, 
st 1, 1990; revised manuscript received and 


en coronary angioplasty using the original 
nonsteerable system was introduced, the pri- 
mary success rate of the procedure was low. 


and many anatomic restraints limited its application.! 


However, over the last decade, innovative balloon cathe- 
ter technology has eliminated most of these anatomic 
limitations and, as a consequence, expanded the indica- 
tions for percutaneous transluminal coronary angio- 
plasty (PTCA).*3 In addition, this technologic progress. 
along with increasing operator experience has graduall i 
improved the primary success rate.2-3 E 
_ The present report assesses the immediate and 6- 
month follow-up results obtained in a large consecutive 
series of patients undergoing their first PTCA in the 
period 1988 to 1989 and makes mention of the use in 
our practice of one particular advance in PTCA “hard-- 
ware,” the rail-type dilatation system.‘ 


METHODS 

Study group: Between October 1988 and May 1989, - 
647 consecutive patients underwent PTCA at our cene 
ter. Angioplasty was never attempted in the acute phase 
of myocardial infarction. In 140 patients, the procedure 
was performed after an earlier PTCA; this group was 
excluded from further analysis. Accordingly, the study 
population comprised 507 patients who underwent a 
PTCA for the first time. 

Procedure: Angioplasty was performed by way of 
either the brachial or the femoral approach. After the 
control angiogram was obtained, either a Hartzler — 
Micro™ dilatation catheter (Advanced Cardiovascular _ 


‘Systems, Mountain View, California) or a rail-type di- 


latation system was chosen. A common strategy was 
followed in all procedures. The Micro catheter was used — 
for so-called “classic” lesions, which are easy to cross 
and have a low risk of dissection. In all other cases, a 
bare 0.014-inch floppy guidewire was used to cross ste~ 
noses, whereas occlusions were tackled with the stiffer 
0.014-inch standard wire (Advanced Cardiovascular 
Systems). Then, either a Piccolino® (Schneider Shile 
Zürich, Switzerland) or an RX® (Advanced Cardi 
cular Systems) balloon cathete 
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developed signs or symptoms of recurrent ischemia, re- 
peat coronary angiography and repeat PTCA, using a 
rail-type dilatating system, were performed (except in 
patients with large dissections who were sent directly to 
surgery). Patients in whom repeat PTCA was unsuc- 
cessful either underwent urgent bypass surgery or, when 
the myocardium at risk was judged to be small, were 
treated conservatively in the cardiac intensive care unit. 
Patient follow-up: After hospital discharge, repeat 
coronary angiography was only performed if judged to 
be clinically indicated. As a routine, every patient was 
scheduled for an outpatient visit and functional testing 
26 months after PTCA. Follow-up data were obtained 
- from clinical records and physician mail or telephone 
- questionnaire. 

Definitions: Coronary lesions were visually estimated 
in 2 perpendicular views and expressed as the percent- 
- age of diameter reduction compared with the diameter 
of the nearest “normal” arterial segment. A lesion was 
considered significant when the mean value of the 2 
views was 250%. A vessel was considered diseased 
when at least 1 such lesion was present. Using these 
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narrowing iy > 20% io a ade narrowing. of <50% : 
Primary clinical success was defined as the successft 
dilatation of the culprit lesions without the occurrence 
of death, myocardial infarction or emergency coronar 
bypass surgery during hospitalization. Intimal dissection. 
was defined as an intimal flap with a double lumen con- k 
tour extending beyond the site of the lesion. Acute re- 
thrombosis was defined as an intracoronary filling de- 
fect that compromised the vessel patency by >50%. Un- 
toward events during the in-hospital period were defined _ 
as death, cerebrovascular accident, coronary artery sur- 
gery, repeat PTCA and myocardial infarction. Repeat 2 
PTCA was defined as an attempt to reopen the previ 
ously dilated artery after acute rethrombosis had oc- _ 
curred outside the catheterization laboratory. Thus, re- .. 
peat dilatations for filling defects during the original — 
PTCA attempt were not included under this definition. 
Myocardial infarction was defined as a typical change _ 
in cardiac enzymes (>2 times the upper normal limits _ 
of creatine kinase or an MB fraction >4%, or both). At 
control angiography, restenosis was defined as 250% 
coronary narrowing at the site of prior dilatation. Simi- — 
larly, progression of disease was defined as a stenosis of _ 
> 50% in a nondilated segment that was not present at _ 
the time of the original PTCA. During a short-term fol- _ 
low-up of 6 months, occurrence of death, repeat PTCA, | 
coronary bypass surgery or nonfatal myocardial infarc- ` 
tion, were counted as untoward events. oe 

Data collection: All relevant clinical and angio- - 
graphic data have been entered into a computer-based — 
registry, the details of which have been reported else- 
where. These data were recorded at the beginning and 
the end of the hospital stay and during the 6-month | 
follow-up period. i 

Statistical analysis: Data are expressed as mean + © 
standard deviation. Intergroup analysis was performed | 
using SAS, a commercially available computer pro- | 
gram. A p value <0.05 was considered significant. 








RESULTS 

Baseline characteristics: Patient demographics. are ~ 
given in Table I. In Figure | the symptomatic status ` 
and the number of patients with previous myocardial — 
infarction are depicted. Previous myocardial infarction 
was present in 221 patients (44%); 41% of them were ~ 
treated with thrombolytic agents. Angina at rest was — 
present in 42% of the study patients. Although 18% of | 
the patients were asymptomatic at the time of PTCA, 
almost all (92%) had experienced a previous myocardial | 
infarction. The average number of diseased vessels was | 
1.5. One-, 2- and 3-native vessel disease was present in > 
56, 34 and 6% of the patients, respectively; 4% had un: 

l these pz s had 
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” 22 lesions attempted 








Arteries attempted 
Right 28 i] 
LAD 51 13 
LC 21 18 
Right + LAD —~ 18 
Right + LC -l 18 
LAD +LC — 22 
Right + LAD + LC = — 
Left main — ad 
Bypass graft e = 








nd Acute outcome at percutaneous. transluminal coro- 
nary angioplasty: Angioplasty was performed using the 
chial approach in 60% and the femoral approach in 
40% of the patients. The Hartzler Micro was used in 
~~ 31% of the lesions and a rail-type system was preferred 
in 66%. 
> in the 507 patients, dilatation of 734 lesions i in 659 
-» vessels was attempted. The major reasons. that the 224 
lesions were not attempted were: (1) presence of a 
chronic total occlusion not supplying an area of viable 
= myocardium; (2) luminal narrowing 60%; and (3) le- 
-= ` sion location on a secondary branch not supplying an 
=, appreciable area of viable myocardium. Primary clinical 
>- success was achieved in 480 of these 507 patients 
io. (95%). However, lesion success rate was only 90%, 
mainly due to failure to cross chronic occlusions in pa- 
tients with multivessel disease. Of the 734 attempted 
_» lesions, 506 (69%) were classified as type B or C.> In- 
= cluded in this group were 95 total occlusions, represent- 
ing 13% of all lesions attempted. Of the total 734 at- 
tempted lesions, 57 (8%) could not be crossed with ei- 
ther the guidewire or the balloon. These 57 lesions 
comprised 21 high-grade complex stenoses and 36 total 
usions. In addition, the final angiographic result was 


















_ revascularization was achieved in 295 patients (58%). 
The strategy of PTCA was examined separately for 
veach type of native vessel disease, as well as for postop- 
“erative patients (Table H). 

Acute rethrombosis during the procedure was ob- 
served in 35 patients (7%), 26 with stenoses and 9 with 
otal occlusions. This complication was treated by re- 
pe t inflations i in 31 patients, with success in 25 (81%). 
peat inflations were more frequent in patients with 
ultivessel disease than in l-vessel disease (20 vs 11, p 
0.07) and in patients having multilesion rather than 
. igle lesion dilatation (18 vs 13, p = 0.02). Two of the 
tients initially treated with repeat inflations finally 
lergency surgery, and 4 sustained a myocardi- 































g . LAD = left anterior descending artery: LC = left circumflex artery; PTCA = percutaneous transluminal coronary angioplasty: Right = right coronary artery. 


arin infusion in 18 patients, and after the heparin infu- 


directly to surgery. In 1 patient the acute rethrombosis 


considered satisfactory in 18 lesions (2%). Complete - 
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Dissection occurred in 38 patients (7%). In 6 
tients this event was complicated by abrupt occlusio 
and these patients were considered as having acute ri 
thrombosis. Two patients underwent emergency bypass. 
surgery and | was referred to the coronary care unit 
with a limited myocardial infarction. Proximal dissec- 
tion of the left main stem by the guiding catheter oc- 
curred in 1 patient who had elective surgery. Occlusion 
of a major side branch led to a myocardial infarction in 
] patient. 

Postprocedural in-hospital events: After the PTCA 
was performed, acute rethrombosis occurred in 19 pa- 
tients (4%). This complication was observed during hep- 


sion had been stopped in only 1 patient. Two patients, i 
both with serious hemodynamic problems, were referred 


was treated medically. In the remaining 16 patients, ur- 
gent repeat PTCA was performed, which was successful 
in 13 (81%). Of the 3 patients in whom repeat PTCA 
was unsuccessful, | underwent emergency bypass sur- 
gery and the other 2 had evidence of only limited isch-. 
emia and were treated conservatively. In-hospital death: 
occurred in 2 patients. One patient died after emergen- 
cy surgery. The other patient, on chronic hemodialysis, 
died from a noncardiac disorder. : 

A comparison of all major in-hospital events for pa-. 
tients with single versus multivessel disease and for pa- 
tients with single versus multilesion dilatation is given in 
Table III. In addition, 1 patient developed a subdura 
hematoma during heparin treatment. 

Follow-up results: Patients discharged from the figs 
pital having achieved primary success (480) or partia 
clinical success (17) at initial PTCA were followed u: 
at our center for a minimum of 6 months; 100% follow 
up was achieved. Diagnostic coronary angiography w 
performed in 152 patients (31%) (Table IV). Restenos 
was considered the mechanism responsible for rı 
rence of ischemia in 113 of these paon (4%) 





































- Multivessei 
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1.3) 2 (0.4) 


AM 8(28) 104) NS 9 (1.8) 
ABG 3.0) 6(2.7) 003 9(1.8) 
RepeatPTCA 14(49) 2(0.9) 0.02 16 (3.1) 

26(9.0) 10444) 0.07 36 (7.1) 
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Single 
Lesion 
(n = 318) 


Multilesion 
(n = 189) 








1 (0.3) 1(0.5) NS 2 (0.4) 


! 5 (1.6) 4(2.1) NS 9 (1.8) 
CABG 4(1.3) 5(2.6) NS 9(1.8) 
Repeat PTCA 13 (4.1) 3(1.6) NS 16 (3.1) 

. 23 (7.3) 13 (6.8) NS 36 (7.1) 






- AMI = acute myocardial infarction; CABG = coronary artery bypass surgery; NS = 
10t significant, PTCA = percutaneous transluminal coronary angioplasty. 


Sefformed i in 106 patients (21%) and 4 patients needed 
peat dilatation for acute rethrombosis. In 17 patients 
(3%) coronary bypass surgery was preferred. During the 
follow-up period there were 2 cardiac and 2 noncardiac 
deaths. Event rates were not significantly different when 
patients with single versus multivessel disease or single 
versus multiple lesion dilatation were compared, except 
for an excess in coronary bypass surgery in the multiles- 
ion dilatation group (Table V). The overall event-free 
(freedom from cardiac death, nonfatal myocardial in- 
farction, need for repeat PTCA or coronary surgery, re- 
currence of class III or IV angina) rate at 6 months in 
these patients was 71%. 


DISCUSSION 

~ This study examines the immediate outcome of 507 
consecutive patients undergoing a first PTCA in an 8- 
month period, October 1988 to May 1989, and traces 
the 6-month outcome in 497 of these patients. Although 
there i is a plethora of publications detailing the outcome 
after PTCA of various populations of patients with cor- 
onary artery disease, it is the current nature of this 
udy that makes it of particular interest and relevance. 
ceordingly, this study shows what can be achieved 
| experienced operators, using the most current di- 
on strategies, take advantage of the most up-to- 








ABLE IV Etiology of 152 Clinical Problems During Follow-Up 
| | Etiology 
Lesion 


Clinical Problem Restenosis 










Nondilated 











assis scenario in our ord whee: in the same pa- 
tient, the “culprit lesion” was successfully dilated to- 
gether with an unsuccessful dilatation attempt of 
a chronic total occlusion). The immediate results of 
PTCA in our study become even more encouraging | 
when one considers the clinical and angiographic char- 
acteristics of our study population. Of these 507 pa- 
tients, 42% had angina at rest, 44% had experienced a 
previous myocardial infarction and 44% were identified 
as having multivessel disease. Furthermore, of all at- 
tempted lesions in our study, a relatively high percent- i 
age (13% were chronic occlusions. 

A particular feature of our study was the use of the 
rail-type dilatation system (used i in 66% of the lesions). me 
This system, first described in 1986, and only gaining ~ 
widespread use in experienced centers in the last few > 
years, has a number of important technical advantages.47 
This technique allows all steps of the PTCA procedure 
to be monitored with (1) high-quality angiograms; (2) — a 
easy, rapid and safe recrossing and redilation of the ste- 
nosis if necessary; and (3) stepwise dilatation of the ste- 
nosis with repeated use of bigger balloons without need 
for extension wires, advisable in complex anatomic situ- 
ations. Favorable immediate results with use of the rail- 
type system have also been reported recently by de = 
Feyter et al.’ A particular consideration is that in our = 
series, the rail-type system was not used in dilatation of -> 
so-called classic lesions (lesions that are easy to cross | 
and have a low risk of dissection). Instead, the tech- 
nique tended to be reserved for more complex lesions. 
This observation further emphasizes the important like- 
ly contribution of this technique toward the favorable ce 
immediate results. aoe 

In our patient population, there were gratifying low 
rates of occurrence of 3 major acute complications of 
PTCA: death, need for emergency bypass surgery and | 
myocardial infarction (0.4, 1.8 and 1.8%, respectively), 
These results compare favorably with those reported by 
the National Heart, Lung, and Blood Institute Registry 
(1.0, 3.4 and 4.3%, respectively) concerning 1,802 pa- ` 
tients undergoing their first PTCA during 1985 to 
1986.8 In contrast to our study patients, a somewhat 
greater number of Registry patients were identified as 
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 Muttivessel 
(n= 216) p Value 


1 (0.5) 

6 (2.8) 

8 (3.7) 
48 (22.2) 
63 (29.2) 


 L-Vessel 
(A = 281) 
3(1.1) 
6 (2.1) 
9 (3.2) 
62 (22.1) 
80 (28.5) 


4(0.8) 
12 (2.4) 
17 (3.4) 

110(22.1) 
143 (28.7) 


Lesion dilation 
Single 


Lesion 
(n = 313) 


Multilesion 
(n = 184) 


2(1.1) O NS 
73.8) NS 
11 (5.9) 0.03 
42 (22.8) NS 
62 (33.6) 0.08 


2 (0.6) 

5 (1.6) 

6 (1.9) 
68 (21.7) 
81 (25.8) 


4 (0.8) 
12 (2.4) 
17 (3.4) 

110 (22.1) 
143 (28.7) 


sbreviations as in Table il. 


“having multivessel disease (53 vs 44% in our ir study pop- 
i vonon. Similarly, the mean number of diseased vessels 


series (1.5 and 1 9, ‘especialy. Howse: the mean 
„number of attempted vessels (1.3) and lesions (1 5) in 
our series were quite similar to those reported in the 


3 Registry (1.3 and 1.6, respectively). 


The observations made in the present study regard- 


ing the complication of abrupt reocclusion are of inter- 


„est. The incidence of this complication in our series 
(F ignificantly from earlier re- 
-ports.”™!! This observation tends to support the sugges- 
n that the rate of acute rethrombosis and dissection 
oes not change with operator experience, but rather 
hat factors intrinsic to the procedure and the lesions 
nay be operative. An important feature of our study is 
at, in most of these patients with acute rethrombotic 
clusion, an initial strategy of attempting to redilate 
lesion was successful in 38 patients (81%). Our 
egy of attempting repeat PTCA rather than send- 

ng the patient to surgery (as was often done in oth- 
-ef centers with patients having. a low threshold) was 
-prompted by the results of recent studies suggesting the 
efficacy of such a strategy.'2-!3 It is likely that the use of 
the rail-type system also contributed to the high success 
in the treatment of acute rethrombosis by repeat 


The frequency of in-hospital events was very similar 
he with ee and rite disease. Further- 


I bec come less so when one considers our ann 
y When i a : thrombotic event occurs in a 


inflations during the procedure itself which, as pre io 
ly stated, were not counted as events. as 
At a mean follow-up of 7.5 months, 354 of the 4 ! 
patients (71%) who had a successful or partially suc 
cessful result at initial PTCA remained free of majo 
cardiac events. Because of the adverse clinical and ana 
tomic features in many of our study patients, the short- 
term results achieved with PTCA in these patients: 
should be regarded in a favorable light. Moreover, a 
large body of evidence suggests that, once patients get 
past the 6-month restenosis “time window,” there is a- 
very low subsequent annual rate of adverse events.'4-!6_ 
Our results also serve to reinforce the general wisdom 
that the major factor undermining the short- to medi- 
um-term success of PTCA is the unyielding high reste- 
nosis rate.3!5.!6 In our study, restenosis appeared to be 
the responsible mechanism for the occurrence of the. 
great majority (74%) of adverse clinical events at fol- 
low-up (Table IV). In contrast to the high clinical reste- 
nosis rate (23%) seen in our study, the disease progres- | 
sion rate (1%) was low. These observations are in accor- . 
dance with general observations regarding restenosis 
and disease progression after PTCA.?+.!© An interesting 
feature of our study was that in only 7 patients (1.4%) 
was the occurrence of adverse events judged to be the- 
result of ischemia originating from lesions not dilated at 
initial PTCA. This suggests that, although a significant’ 
number of our study patients (41%) had incomplete re- ` 
vascularization at PTCA, this degree of revasculariza. 
tion (dilating the culprit lesions only) is often ade- 
quate.!4 
Study implications: Ít is likely that our experience of - 
increasing numbers of patients with advanced and com- . 
plex coronary disease currently presenting for PTCA 
mirrors the experiences of many other centers. Despite 
the considerable challenge posed by patients such as 
those described in our study, high initial success rates 
and favorable short- to intermediate-term outcome may | 
be achieved. A particular feature of our study is the 
useful role of the rail-type system in the dilatation of | 
complex lesions and in the treatment of acute rethrom 
bosis. 
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a Afterload reduction therapy can acutely improve 
a ~ hemodynamic function in patients with advanced 
_.. heart failure; however, it is unknown if initial re- 
3 ductions in mitral and tricuspid regurgitation and 

atrial volumes can be sustained with oral therapy. 
| Atrial volumes and atrioventricular valve regurgita- 
<- tion were measured using 2-dimensional and Dopp- 
. ler echocardiography with color-flow imaging in 14 
_ patients with dilated heart failure (ejection fraction 
17 + 4%) before and after 3 + 1 days of intensive 
=- vasodilator and diuretic therapy tailored to hemo- 
e dynamic goals. Echocardiography was repeated 
> again after 6 + 2 months on oral vasodilators and a 
- -flexible diuretic regimen. Acute therapy reduced 

systemic vascular resistance from 1,760 + 460 to 

— 1,010 + 310 dynes-s-cm-5, pulmonary artery 
_ - wedge pressure from 30 + 5 to 17 + 4 mm Hg, and 
right atrial pressure from 13 + 5 to 7 + 3mm Hg, 
-and led to a 61% increase in stroke volume (from 
< - 36 + 10 to 58 + 14 ml) (p <0.01). Mitral and tri- 
. cuspid regurgitation, determined by color-flow frac- 
= tion, initially decreased from 0.34 + 0.17 to 0.20 + 
aa 0.20 and from 0.33 + 0.15 to 0.13 + 0.13, re- 

spectively (p <0.001). This reduction was sus- 

ned at 6 months. Significant decreases occurred 
ee. vith acute therapy, with further reductions at 6 
~ months in both mean left atrial volume (from 100 + 
: 25 to 80 + 19 to 65 + 15 cm?) and right atrial vol- 
ume (from 85 + 23 to 64 + 23 to 52 + 14 cm?) (p 
-= <0.001). Echocardiographic estimate of mean pul- 
monary artery pressure decreased acutely (from 42 
+5 to 30 + 7 mm Hg, p <0.001), then remained 
unchanged at follow-up. Congestive symptoms and 
-signs were also markedly improved at 6 months (p 
:<0.05). In conjunction with clinical improvement in 
-6-month survivors with advanced heart failure, 
acute reductions in atrial volumes and atrioventric- 
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ular valve regurgitation can be sustained on long- 
term oral vasodilators and diuretics. 
(Am J Cardiol 1991;67:259-263) 


ic function in patients with low-output congestive 

heart failure, ? but the contribution of initial im- — 
provement to a sustained response has been questioned. 
We demonstrated in patients with advanced heart fail- 
ure that acute, intensive vasodilator and diuretic thera- _ 
py tailored to hemodynamic goals causes significant re- 
ductions in mitral and tricuspid regurgitation and atrial 
volumes, thereby decreasing the “atrial overload” con- 
tributing to congestive symptoms.? It is not known, how- 
ever, if these acute improvements can be sustained with 
oral therapy in an outpatient setting. Using 2-dimen- 
sional and Doppler echocardiography with color-flow 
imaging, we measured the initial reductions in atrioven- 
tricular regurgitation and atrial volumes and sought to 
determine if these improvements were sustained on 
long-term, tailored therapy with vasodilators and diu- 
retics. 7 


VV etna therapy acutely improves hemodynam- 


METHODS 

Study patients: We enrolled 28 consecutive patients 
admitted to our coronary care unit for evaluation and. 
treatment of advanced heart failure (New York Heart 
Association functional class IH or IV), all of whom un- 
derwent echocardiography before and after 3 + 1 days 
of therapy tailored to hemodynamic goals. All patients _ 
were in sinus rhythm and none had primary valvular 
disease. The group in this study comprises the 14 pa- 
tients who could be studied a third time after 2) 
months (13 men and 1 woman, mean age + standard 
deviation 52 + 10 years). Heart failure was attributed: 
to coronary artery disease in 5 patients and to idiopathic. 
dilated cardiomyopathy in 9. Within 6 months of refer. 
ral, 8 of the 14 patients not studied died (3 from he 
failure before hospital discharge and 5 suddenly 
home), 4 underwent cardiac transplantation (3 ele 
ly, waiting as outpatients, and 1 urgently), 1 ha 
oat y artery ypas si surgery and was dost: to fe ol 





























































































sale ae a ieee ayia unaware of ‘the fs ne 
graphic findings. _ 

_ Echocardiographic techniques: Baseline 2-dimen- 
sional echocardiography with pulsed Doppler and color- 
flow imaging (Hewlett Packard no. 77020A) was per- 
formed on each patient within 2 hours of insertion of a 
pulmonary artery flotation catheter. Mitral and tricus- 
pid regurgitation were assessed in 3 ways, as previously 
detailed?» 5,6: (1) visual estimate of the percentage of the 
atrium covered by color-flow evidence of the maximal 
‘regurgitant jet in the apical 2- and 4-chamber views (4- 
chamber view only for tricuspid regurgitation), graded 
on a 0 to 3 scale (0 = none, | = mild, 2 = moderate, 3 
= severe); (2) color-flow fraction: planimetered area of 
maximal regurgitant jet area divided by planimetered 
area of the atrium (average of the 2- and 4-chamber 
view values for mitral regurgitation); and (3) velocity- 
volume index: the color-flow fraction multiplied by 
the atrial volume (see below), to compensate for poten- 


Doppler imaging data were not available for 1 patient. 
~~ Left and right atrial volumes were calculated using 
Simpson’s Rule from the average of 2 on-line plani- 
metered areas in the apical 2- and 4-chamber views (4- 
chamber view only for the right atrial volume).’ 
An estimate of the mean pulmonary artery pressure 
was made from the acceleration time of the pulsed 
Doppler tracing in the right ventricular outflow tract, 
using the previously validated formula’: mean pulmo- 
nary artery pressure = 73 — (0.42 X acceleration time). 
_ All tracings were performed by 1 investigator blind- 
ed to the sequence of studies and clinical status of the 
> patients. 
Design of therapy: After completion of the baseline 
echocardiogram, hemodynamic measurements were ob- 
tained in the postabsorptive state, including triplicate 
cardiac output measurements using the thermodilution 
echnique. Intravenous nitroprusside and diuretics were 
n administered, tailered to approach systemic vascu- 
resistance <1,200 dynes-secm~°, pulmonary artery 
dge pressure <15 mm Hg and right atrial pressure 
<8 mm Hg, as previously described.? When optimal he- 
modynamic functions were achieved, oral captopril, en- 
alapril, or oral hydralazine and nitrates were added as 
the nitroprusside was tapered. Oral vasodilator doses 
_ were adjusted to match the optimal hemodynamic func- 
tions with nitroprusside and a flexible oral diuretic regi- 
‘men was designed to maintain fluid balance once opti- 
-mał hemodynamic fusctions were achieved. Catheter 
: hemodynamic monitoring was repeated and echo-Dopp- 
-ler and color-flow imaging parameters were reexamined 
-when the patients were receiving a stable dose of an oral 
" vasodilator, ror the. removal of the donut abel 


-tial changes in atrial volume with therapy. Color-flow _ 


Follow-up: After hospital | dohaia, th th: 


were followed at the UCLA a Center wae 
the tailored therapy designed during acute hemodynam- ao 





ic monitoring. The flexible diuretic regimen was contin- 


ued, with frequent reinforcement of the initial patient 


education. Complete echocardiography was once again — T 


performed 6 + 2 months after the baseline study. Esti- 


mates of severity of symptoms and physical examination 
(using the aforementioned scales) were also repeated at — 


that time, before knowledge of echocardiographic find- 
ings. All 14 patients were outpatients at the time of 
follow-up. 


inter- and intraobserver variability and statistical — 


analysis: Interobserver variability, determined from re- 


peat tracings of 40 randomly selected measurements by _ 


a second blinded observer, was small for both atrial vol- 
umes (Y = 1.2X — 8 + 11 cm’, r = 0.91) and regurgi- 
tant color-flow fractions (Y = 0.93X + 0.05 + 0.06, r 


= (0.84). Intraobserver variability (duplicate measure- 
ments of 60 randomly selected tracings by the initial | 


observer) was also minimal for regurgitant area (Y = 
0.97X + 0.27 + 2.1 cm?, r = 0.94) and atrial volume 
(Y = 1.0X + 0.5 + 18 cm’, r = 0.86) measurements. 


Because these findings for our laboratory are consistent _ 


with previously reported data,>’ a 10% change was con- 


sidered significant for valvular regurgitation and atrial : 
volume data. Analysis of variance for repeated mea- _ 


sures and paired Student’s 7 tests were used to assess | 
acute and long-term changes in echocardiographic and 


hemodynamic variables. 


RESULTS 


Changes in medical regimens: At the time of pre- 


sentation, 12 of the 14 patients were receiving vasodila- 


tors; 8 were receiving captopril (mean daily dose 66 + 


78 mg), 3 hydralazine (113 + 78 mg) and 1 enalapril — 


(5.0 mg). After the acute therapy, all discharged pa- 
tients were receiving vasodilators, with 10 patients re- 


ceiving captopril (mean daily dose 300 + 128 mg), 3 


patients receiving hydralazine (533 + 92 mg) and 1 pa- - 


tient receiving enalapril (5.0 mg). At 6-month follow- — 


up, the vasodilator doses were similar to those at dis- 
charge (7 patients receiving captopril—240 + 127 mg, 
4 receiving hydralazine—S00 + 100 mg, 3 receiving en- 
alapril—7 + 2 mg). Isosorbide dinitrate was part of the 
medical regimen for 3 patients at the time of referral 
(mean daily dose 98 + 61 mg), for 12 at discharge (135 
+ 62 mg), and for 13 at follow-up (123 + 67 mg). All 
but 1 patient were receiving a diuretic drug at presenta- 
tion (124 + 66 mg/day of furosemide), and all 14 pa- 
tients were doing so at discharge (138 + 56 mg) and 
follow-up (153 + 62 mg). Eleven patients were receiv- 


ing digoxin on admision, this was continued tirousionl : 


the stucy. 
Effect of acute therapy on 








nodynamic functions: 
Anea 3 * L days o of f hemodynamically guided v vasodila- vt 





pulmonary 
nm Hg), systemic vascular resistance (from 1,760 + 
0 to 1,010 + 310 dynesscm~5) and pulmonary 
ascular resistance (from 340 + 130 to 200 + 60 
dynes-s-cm~*). Mean systolic blood pressure decreased 
only 10% (from 104 + 11 to 94 + 8 mm Hg) and mean 
heart rate was unchanged after acute therapy (from 93 
18 to 95 + 14 beats/min). Serum creatinine did not 
change significantly (from 1.1 + 0.3 to 1.3 + 0.3 mg/ 
1). At least 1 liter of fluid was removed from each pa- 
tient, with a mean diuresis of 4.4 + 3.6 liters. 
_. Early and sustained reduction of valvular regurgita- 
tion: Mitral regurgitation was initially present in all 14 
study patients and declined significantly by all 3 mea- 
surement techniques during the study (p <0.01 by anal- 
-of variance), Individual values for the color-flow 
ion before and after acute therapy and at 6-month 
follow-up are listed in Table I. After acute therapy, mi- 
tral regurgitation also decreased significantly when de- 
rmined by visual estimate (from 2.0 + 1.0 to 1.1 + 
0) and velocity volume index (from 34 + 21 to 17 + 
9) (both p <0.001). In each patient, there was a de- 
ease of 215% in mitral regurgitation by velocity-vol- 
ume index after acute therapy. Tricuspid regurgitation 
was initially detected in 13 of 14 patients and also was 
significantly reduced by a mean of 41% with therapy as 
measured by color-flow fraction (p <0.01, Table I). Tri- 
cuspid regurgitation decreased acutely by visual esti- 
mate, from 1.8 + 0.7 to 1.1 + 0.9, and by velocity vol- 
_ume index from 27 + 14 to 8 + 10 (both p <0.01). 
There was an acute reduction of 215% by velocity-vol- 
ume index in all patients. At 6 + 2 months, the initial 
“improvements in mitral and tricuspid regurgitation were 
«sustained. Mean visual estimates of mitral and tricuspid 
regurgitation were then 1.3 + 1.1 and 0.6 + 0.8, respec- 
y, and velocity volume indexes were 15 + 14 and 5 
, respectively. These values are significantly reduced 
n baseline values (p <0.01), and there was a trend 
a further reduction in tricuspid regurgitation at 6- 
month follow-up, but there was no significant change 
2m the second echocardiogram (after acute therapy) 
n either tricuspid or mitral regurgitation. 
__ Early and late reduction of atrial volumes: Accept- 
e tracings for the calculation of right and left atrial 


mes were obtained for all 3 time points in 12 of 14 


nd 13 of 14 patients, respectively. Mean right and left 

trial volumes were both initially greater than twice 

ormal (normal = 39 + 12 ml and 38 + 10 ml, respec- 

ely’) and decreased significantly (p <0.01 by analysis 

iance) (Figure 1). There was a reduction of 210% 

ght and left atrial volumes after the initial therapy 
patients, with a decrease in mea 
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right (to 52 + 14 cm’) and left atrial volumes (to 65 + 
15 cm?) at 6 months (p = 0.01 for both), with a further 
reduction of 210% in 64 and 69% of patients, respec- 
tively. 

Reduction of pulmonary hypertension: The accel- 
eration time of the right ventricular outflow increased 
with acute therapy in 83% of patients, from a mean of 
73 + 13 to 102 + 16 ms (p <0.01); this change was 
sustained at 6-month follow-up (103 + 27 ms). There 
was a significant correlation between mean pulmonary 
artery pressures estimated by the acceleration time and 
-the values obtained from the pulmonary artery catheter 
- before and after acute therapy (r = 0.67, p <0.001). 
The group mean of the estimated mean pulmonary ar- 
tery pressure decreased from 42 + 5 to 30 + 7 mm Hg 
acutely (p <0,001), then remained unchanged at fol- 
low-up (30 + 11 mm Hg). 

Long-term changes in symptoms and signs of con- 
gestive heart failure: At 6 months, congestive symp- 
toms were improved in all patients compared with base- 
line symptoms (Table IT) (p <0.01). Orthopnea, the 
most prominent symptom in this group, was initially 
present in 13 of 14 patients, but was absent in all but 2 
patients at follow-up. Elevated jugular venous pressure, 
ascites and edema were also significantly reduced (p 
<0.01). Rales, which have been shown to be an insensi- 
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+ 4 vs 16 + 3%) or other echocardiographic parame- 
ters, except for a greater amount of tricuspid regurgita- 
tion by velocity-volume index (43 + 24 vs 26 + 14 Q 
<0.01). The patients without long-term follow-up also 
had similar responses to acute therapy in regard to both 
invasive hemodynamic measurements and echocardio- _ 
graphic parameters (compared with the study group, — 
difference not significant for all). l a 


This study demonstrates that early decreases in atri 
al volumes and in atrioventricular valve regurgitation 
caused by hemodynamically guided afterload reduction 
therapy can be maintained with oral agents in survivors ~ 
with advanced heart failure. This improvement was ac- > 
companied by a reduction of congestive symptoms. Al- ` 
though acute afterload reduction has been shown to de- 
crease mitral regurgitation in patients with congestive 
heart failure,!! it had not previously been determined 
whether these initial physiologic improvements could be _ 
sustained on long-term oral therapy. 

Sustained improvement with therapy initially tai- . 
iored te hemodynamic goals: Long-term maintenance 
of the acute reductions in valvular regurgitation and 
pulmonary hypertension and further decreases in atrial — 
volumes were achieved by continuing the oral vasodila~ 
tor regimen tailored to the initial hemodynamic re- 
sponse. The short-term hemodynamic responses to cap- = 
topril and hydralazine in patients with congestive heart _ 
failure have not previously been considered predictive of 
subsequent clinical response.!>!3 However, the therapy 
used in this protocol was directed at specific hemody- 
namic goals chosen to decrease both filling pressures 
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| neous duai was o necessary, subsequently 
maintained by a patient-adjusted flexible diuretic regi- 
<< men. Diuretic doses have often been fixed or even de- 
- -creased during titration of vasodilators in some previous 
e ; Bendis. äi 
- ~ Importance of sustained reductions in valvular re- 
~.. gurgitation and atrial volumes: Functional valvular re- 
. at curgitation, which is routinely present in patients with 
-advanced heart failure,'> increases congestive symptoms 
and signs in both the pulmonary venous and systemic 
~ venous systems (orthopnea, anorexia, ascites and ede- 
o ma). The long-term clinical improvement seen in the 
_ < survivors in this study derives at least in part from sus- 
-tained reduction of these parameters of atrial overload. 
<- Reduction of regurgitation is also the major determi- 
<- nant of increased forward cardiac output from afterload 
„reduction therapy!!; thus, the persistent reduction in 
/ alvular regurgitation seen in this study would be ex- 
‘pected to contribute to the maintenance of improved 
systemic perfusion. 
> -> The initial and continued decrease in atrial volumes 
Sy “may be a passive reflection of the reductions in mitral 
. and tricuspid regurgitation and volume status. However, 
atrial geometry itself is one of the determinants of the 
< regurgitant orifice size of the atrioventricular valves of 
-= patients without structural valvular disease.'® Therefore, 
< ` the decrease in atrial volumes may actually contribute 
to the reduction of regurgitation and therefore the im- 
= = provement in forward output seen with vasodilator ther- 
- apy. It is possible that the reduction in right atrial vol- 
_ ume also contributed to clinical improvement by restor- 
ing atrial natriuretic factor release responsiveness!’ or 
by improving the reflex sensitivity between the right 
< -side of the heart and the kidneys in response to acute 
volume changes.'8 
Study limitations: Follow-up echocardiography was 
„performed only in patients with advanced heart failure 
vho survived =3 months and had not undergone cardi- 
t ansplantation, so these data cannot be extrapolated 
0 all patients with heart failure. However, because the 
initial ejection fraction and hemodynamic data, as well 
vas the response to acute therapy of those who had fol- 
low-up studies, were similar to those who did not, and 
because all the outpatient deaths were sudden and all 
but one of the transplants were performed on people 
iting as outpatients, there was no selection bias for 
atients initially less hemodynamically compromised. 
Jowever, we must emphasize that these data reflect the 
esults of therapy in survivors, and it is possible that 
< “some of the patients who died early after the initiation 
of therapy did have some hemodynamic deterioration. 
~ Right-sided cardiac catheterization was not repeated 
t follow-up, but the reliability of echocardiography in 
cting hemodynamic changes in these patients has 
een established.* Because all patients had sub- 
il improvement in response to. therapy, we 
e correlations between hemodynamic 













































this Er p severely ill p patients to perforti 


Responsiveness of atrial natriuretic factor to reduction in right atrial pressur 


18: Thames MD, Miller. 
ic activity: during vo 






“controlled” trial, without providing acute therapy to 
one group. ae 

Role of echocardiography: Physical examination is 
often insensitive to hemodynamic status in patients with 
advanced heart failure,'° but invasive hemodynamic as- 
sessment involves significant expense and discomfort. 
This study demonstrates the potential value of echocar- 
diography as a noninvasive cardiac imaging and hemo- 
dynamic tool for serial outpatient monitoring of the he- 
modynamic status in this patient population. It gives 
important information regarding response to therapy 
and clinical stability by providing parameters of atrial 
overload as well as an estimate of the severity of pulmo- 
nary hypertension. 
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Mitral ETAP (MR) was evaluated by Dopp- 
ler echocardiography in 59 patients with mitral ste- 
nosis before, immediately after and 1 year after 
balioon mitral valvuloplasty (BMV). The severity of 
MR was graded on a scale from 1+ to 4+. Echo- 
: cardiographic and hemodynamic variables were an- 
alyzed to study the potential factor(s) that might 
wedict the long-term persistence of MR. Echocar- 
a diographic variables were mitral valve thickness 
and motion, subvalvular change, left atrial dimen- 
sion, commissural calcification and effective bal- 
. loon/mitral anular diameters. Hemodynamic vari- 
_ ables were mitral pressure gradient, pulmonary ar- 
f terial pressure, ejection fraction, mitral valve area 
- index, age, gender and cardiac rhythm. Mitral valve 
-area index increased from 0.9 + 0.5 to 1.5 + 0.8 
_em2/m2 immediately after BMV, and to 1.4 + 0.3 
- cm?/m? at 1-year follow-up (p <0.01). Immediately 
_ after BMV, MR grading did not change in 30 pa- 
tients (51%), increased by 1+ in 23 patients 
(39%), by 2+ in 2 patients (3.3%) and by 3+ in 2 
patients (3.3%), and decreased by 1+ in 2 others. 
_ At 1-year follow-up, only 1 patient with severe MR 
`. required valve replacement. Fifty-one patients 
- (88%) had no change in the extent of MR (<1+) 
< and 6 patients (10%) had a 1-grade decrease in 
- their MR; only 1 patient had a 1-grade increase in 
MR. No clinical or hemodynamic variables or mor- 
- phologic characteristics of the mitral valve could 
predict the development of significant MR after 
BMV. It is concluded that an increment in MR se- 
-verity <2+ is frequently seen after BMV. Only a 
small number of patients (6.7%) developed severe 
MR (23+), and, in some, MR severity might de- 
crease 1 year later. 
(Am J Cardiol 1991;67:264-268) 
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ince the first clinical application of catheter balloon ` * 

mitral valvuloplasty (BMV) by Inoue et al in ~ 

1684, it has become another alternative for the 
treatment of selected patients with rheumatic mitral ste- 
nosis. BMV is more advantageous than surgical com- ` 
missurotomy, but mitral regurgitation (MR) is aninevi- 
table complication in some patients when the inflated ~ 
balloon splits the stenosed mitral valve.* A significant 
increase in MR incidence after BMV, from 8 to 13%, ~ 
has been reported.?* Pulsed Doppler echocardiography ~ 
has become a useful noninvasive tool in detecting and 
evaluating MR and its severity.” Previous investigators - 
used this technique to assess changes in the severity of __ 
MR before and then | to 2 days after BMV. 46 How- `- 
ever, 1-year follow-up changes in MR after BMV have 
never been reported. The present study was designed to 
observe the progression of MR 1 year after BMV in 59. 
patients, to assess which echocardiographic or hemody- = 
namic factor(s) might impact on predictions of the per- 
sistence of MR after BMV. Da 


METHODS ‘ 
Patients: From October 1987 to July 1989, we stud- i 
ied 59 consecutive patients with moderate-to-severe =~ 
symptomatic mitral stenosis who underwent BMV. . - 
Eight patients were in New York Heart Association _ 
functional class I, 44 patients were in class II and 7 
patients were in class III. Thirty-six patients had atrial 
fibrillation and 23 had sinus rhythm. Three patients had 
had previous surgical mitral commussurotomy. Forty- 
two patients underwent the single- and 17 the double- 
balloon technique. E 
Hemodynamic studies: BMV was performed in alle < 
patients via the transeptal approach with either the sin- ~ 
gle- or double-catheter balloon technique (Mansfield). 
Balloon sizes were selected according to the mitral anu- 
lar diameter, which was predetermined from the aver- 
age of the mitral anular diameter obtained from 3 
(long-axis parasternal, 4- and 2-chamber apical) views 
seen on 2-dimensional echocardiograms. The effective 
balloon diameter in the double-balloon technique was 
calculated from the method proposed by Radtke et al.’ 
All patients underwent right- and left-sided cardiac 
catheterization. Hemodynamic variables, including car- 
diac cutput and mitral pressure gradient, were mea- _ 
sured before, immediately after and 1 year after BMV. 
Mitral valve area was derived from Gorlin 's form 
and cardiac output was determined by the Fick metho 





















10 adel 77020A uland system equipped with 

MHz phased-array transducer, or an Irex Meridian ul- 
trasound system equipped with a 2.25-MHz phased-ar- 
< ray transducer. MR was assessed by pulsed Doppler 
> echocardiographic examination in the 4- and 2-chamber 
<- apieal views (Figure 1). Grading was assessed by the 
`: = extent of the regurgitant jet within the left atrium dur- 
ing systole.’ The Doppler sample volume was swept 
_. thoroughly at various levels of the left atrium, with par- 

__. ticular care in determining the maximal flow of the re- 
<. gurgitant jet. 
=>. The morphologic features of mitral valve and subval- 
¿© vular apparatus, including commissural calcification, 
- -mitral valve motion, mitral valve thickness and subval- 
- vular change, were graded and scored according to our 

previous work. Measurements of mitral valve motion 

and thickness are shown in Figure 2. 

_ Data analysis: All echocardiographic images were 
recorded on both strip chart paper and videotape for 
- playback analysis. Echocardiographic measurements 
>o were performed by 2 investigators without previous 
-knowledge of catheterization data, and the final report 

reflected their consensus. The left atrial dimension was 
measured according to the recommendations of the 
<- American Society of Echocardiography.? We used the 
mean value of 5 measurements in patients with sinus 
- rhythm and of 10 measurements in patients with atrial 
fibrillation. Mitral valve area /body surface area was de- 
fined as the mitral valve area index. The method used to 
assess the severity of MR was similar to that previously 
used by Abbassi et alf (Figure 1). 
Statistical analysis: The Mann-Whitney rank sum 
test was used in all patients to compare the difference 
-among preoperative factors with or without enhanced 
MR: (1) clinical and hemodynamic aspects—age, gen- 
der, mitral valve area index, mitral pressure gradient, 
left atrial dimension, pulmonary arterial pressure and 































v 


rcoasnogoo tii 























FIGURE 1. Mitral regurgitation assessed by pulsed Doppler 

aphic examination in apical 4-chamber (left) and- 
2-chamber (right) views, grading from 1+ to 4+, according to 
the extent of the regurgitant jet within the left atrium E 
systole. AO = aorta; LA = ‘feft atrium; LV = left ventricle; RA — 
= right atrium; RV = right ventricle. 


ejection fraction; and (2) morphologic features—com-_ 
missural calcification, subvalvular changes, mitral valve 
motion and thickness. The Friedman’s analysis of vari- 
ance test was used for analysis of serial changes in mi- 
tral valve area index, mitral pressure gradient and car- 
diac index. In addition to all these factors, cardiac 
rhythm, the number of balloon catheters used, effective 
balloon diameter/body surface area and effective bal- 
loon diameter/mitral anular diameter were examined 
by multiple stepwise logistic regression analysis to iden- 
tify potential predictors that could induce or enhance 
the severity of MR. a and | year after BMV. 












S: T After BMV, all patients had significant improve- 
ent in their functional class. Mitral valve area index 
ncreased from 0.9 + 0.5 to 1.5 + 0.8 cmł/m? (p 
<0.01) immediately after BMV, and to 1.4 + 0.3 cm?/ 
m° at l-year follow-up. Cardiac index increased from 
2.7 + 1.0 to 3.5 + 1.2 liters/min/m? (p <0.01) after 
he procedure, and to 3.1 + 1.3 liters/min/m* 1 year 
ater. Mitral pressure gradient decreased from 18 + 7 to 
O + 5 (p <0.05) and to 11 + 6 mm Hg, respectively 
Figure 3). 

_ Echocardiographic grade and score for preoperative 
morphologic characteristics of mitral valve subvalvular 
apparatus are listed in Table I. By univariate analysis, 
‘patients with an increase in MR had larger scores in 
-subvalvular change than those without (1.4 + 0.7 vs 0.9 
<+ 0.8, p <0.05). Nevertheless, multiple stepwise logistic 
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| patient (1.7%) had 2+ MR. Immediately after BMV 
24 patients (41%) had no MR and 6 patients. (10% 
remained at 1+. Of the remaining patients, 27 (46%). 
had a different extent of increase in MR after BMV. 
The increase in MR severity was noted to be 1+ i in 23 S 
patients (39%), 2+ in 2 patients (3.3%) and 3+ in 2 

patients (3.3%). One patient, who had an increase in 
MR from 1+ to 4+ after BMV, received a mitral valve 
replacement 9 months later. Compared with the results 
immediately after BMV, 25 patients (43%) had no de- 
tectable MR at 1-year follow-up, 26 patients (45%) had 
1+ MR and 6 patients (10%) had a l-grade decrease in 
MR, with the MR grade in 3 patients decreasing from 
3+ to 2+, and decreasing from 2+ to 1+ inthe other 3. 
Only | patient had a further 1-grade increase in MR oo 
( Figure 4). oe 



























DISCUSSION 

Doppler echocardiography was found to be highly. - 
sensitive and specific for the detection of MR.'° Ac- 
cording to previous reports,''-'4 about 9 to 20% of pa- o 
tients who underwent surgical mitral commissurotomy 
developed MR, and 8 to 20% of them had significant. 
worsenmg of MR after the operation. Poor prognosi ; 
has been documented in these patients.'> : 

Because BMV splits the fused commissures of thé : 
mitral valve, MR is a potential complication of BMV. 
In the present study, 46% of patients had newly devel 








TABLE I Variables in Patients With or Without increase in ae 
Mitral Regurgitation After Balloon Valvuloplasty 





Without 
MR Increase 
(n= 31) 


With 
MR Increase 


Variables (n = 28) 




















Clinical and Hemodynamic 





Age (yr) 43411 42416 NS 
EBD /BSA 1842 1822 NS 
EBD /PIAD 0940.1 0.90.1 NS 
EF (%¥ 4549 42412 NS 
LAD (cm) 5.1 £07 5.1 £0.8 NS 
MPG (mm Hg) {247 i2411 NS 
PAP (mm Hg) 54 + 23 53423 NS 

90.9403- 0840.2 NS 





MVI (crn? /m®) 





CC grade 
MVM grade 
MVM score 






iy ‘4 of 59 patients (7%), hada an increase in MR of 
>2+. Patients with severe MR (23+) presented with 
‘splitting or commissures instead of with fracture of 
Ive leaflets or tearing of chordae tendineae. Only 1 
-patient (1.7%) required valve replacement because of a 


fracture of the ring anulus by an oversized balloon. Sur- 


-prisingly, there were 2 patients—1 with 2+ and another 
vith 1+ MR before BMV—who achieved a 1-grade re- 
2 duction of MR. The reason for the decrease in MR se- 
‘verity after BMV might be a relatively better coapta- 
-tion of the unsmooth margin of the diseased valve leaf- 
let, separated by the catheter balloon. 
> At l-year follow-up, 6 patients (22%) with worsened 
MR immediately after BMV had a l-grade decrease in 


OMR. The slight decrease in mitral valve area and the 


ncrease in pressure gradient (Figure 3) from immedi- 
itely to 1 year after BMV suggests that there was a 
efusion of the split commissures of the mitral valve, 
: which might contribute to the decrease in the extent of 


i ‘Unlike previous grading and scoring systems,*!’ dif- 


erent criteria were used to Ha, the ence 


~ leaflet and the posterior wall of the aortic root to 
assess the mitral valve thickness as a factor to negate 


the effect of gain control. Second, we measured the 


- ' slope of the diastolic doming of the anterior mitral leaf- 


the pliability of mitral valve motion. The echocardio- 
graphic score of valvular or subvalvular morphologic 
abnormalities did not distinguish between patients with 
-or without an increase in MR immediately after BMV.‘ 
-Chen et al® reported that 2 variables could predict an 
increase in MR: (1) the ratio of the sum of 2 balloons 
d the mitral anulus diameter, and (2) the severity of 


MR: Grading 


V, or hemodynamic variables and morphologic charact 


tics of the mitral valve. : 
The grading of the severity of MR by pulsed Do p 
ler echocardiography correlated well with the finding 
of left ventriculography in our laboratory in a series o 
108 patients'® (x value = 0.77), which was as good a 
the report of Pons-Llado et al.'? The interobserver re- 
producibility in the quantitation of the extent of MR: 
has been quite good (x value = 0.85) in our previous | 
work.!8 i 
In conclusion, MR is a complication frequently seen- 
after BMV. Only a small number of patients (6.7%) 
had severe MR (23+) in our study. No clinical or mor- 
phologic variables can predict the development of signif- 
icant MR after BMV in these patients. Moreover, at 1- 
year follow-up, some patients may even have decreased 
severity of MR by Doppler echocardiography. There- 
fore, it is suggested that MR is not a major problem in 
patients undergoing BMV. However, because our pa- 
tients comprised a small population, further large-scale 
observations and long-term follow-up in patients who do- 
have MR after BMV may be warranted. 
Study limitations: During pulsed Doppler examina- 
tion, the sampling sites were carefully and progressively — 
moved through various levels in the left atrium. Never- . 
theless, estimation of the severity of regurgitation by 
pulsed Doppler echocardiography is a semiquantitative - 
method*°; the accuracy of regurgitant jet mapping will. 
be affected by several factors: (1) left atrial size and 
compliance, (2) left ventricular pressure and contractili 
ty, (3) the direction of the jet flow, and (4) the charac- 
ter of different machine and transducer settings. Over- 
estimation of MR may occur in patients with a normal- 
or hyperdynamic heart, and normal size of the left atri- 
um with central jet flow. Underestimation may occur in- 
patients with either 1 of left ventricular dysfunction, di- 
lated left atrium, eccentric jet or with a combination of- 
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"The Doppler echocardiographic indexes of the tri- 
cuspid and mitral valves were assessed in 74 nor- 
a olay poe (35 women and 39 men, mean age 45 










k i ogical variability. 

-< There were significantly higher peak early and 

te flow velocities across the mitral valve than 
-across the tricuspid valve (0.67 + 0,13 and 0.47 + 
$ -0.12 vs 0.51 + 0.08 and 0.35 + 0.09 m-s~1, re- 
~- spectively; all p <0.0001). There was no significant 
-difference between the early:late (E:A) velocity ra- 
-Yos of the 2 valves (1.65 + 0.73 vs 1.75 + 0.67, p 
> <0.01). There was a steeper mitral early decelera- 
- -tion slope (—3.59 + 1.07 vs -2.95 + 0.91 m-s?) 
but no significant difference in pressure half-times 
across the 2 valves (47 + 7 vs 51 + 12 ms, p 
- <0.1). No influence of gender or body surface area 
-.. could be demonstrated. There was a weak but sig- 

nificant relation between mitral peak early, peak 
atrial velocity and E:A ratio and age (r = —0.39, p 
<0.001, r = 0.23, p <0.01, and r = —0.245, p 

- <0.01, respectively). There was no significant cor- 
relation between any of the tricuspid flow parame- 
u ters and age. Respiration caused pro ced vari 
-ability in the tricuspid Doppler indexes and all tri- 

uspid flows were sampled and analyzed only 
‘during inspiration. The intra- and interobserver 

- abilities were small for all of the Doppler index- 
oo es ‘measured, but the day-to-day variability was 
quite significant especially for the pressure halt- 
-` time, deceleration and acceleration slope values. 
ae The present study documents in detail the normal 
oe ler flow characteristics of the tricuspid valve 

























ait fe compa res them with the normal mitral flow pa- _ 


s : rameters i in the same subject. 
(Am J Cardiol 1991;67:269-273) 
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Ech ocardlograp ay in the Assessment of t the va 
< 7 Tricuspid Valve and Right Ventricular Diastolic 
ee Function in Normal Subjects 


r ’ Maurice P. Pye, BSc, MRCP, Stuart D. Pringle, MB, MRCP, and Stuart M. Cobbe, MD, FRCP 


in the assessment of diastolic myocardial function,’ 

and the use of transmitral Doppler recordings in as- 
sessing left ventricular diastolic performance has re- — 
ceived increased attention.2~5 Transtricuspid pulsed 
Doppler has been used less often to evaluate right ven- 
tricular filling and diastolic dysfunction in ischemic — 
heart disease and restrictive cardiomyopathy,*°’ and it 
holds promise as a serial noninvasive measure of the re- 
sponse to various therapeutic interventions. The Doppler 
characteristics of blood flow across the aortic, pulmo- — 
nary and mitral valves in a normal population with a — 
wide age distribution have been well documented. ë- 
The tricuspid Doppler pressure half-time has been used. . 
to assess the severity of tricuspid stenosis in native!?-14 - 
and prosthetic'+!> valves. However, there is relatively 
little information about normal tricuspid flows. In the 
published studies to date dealing with tricuspid Doppler — 
diastolic wave forms, either only the peak velocity is as- — 
sessedé-? or the normal control groups have been rela 
tively small.* In addition, before data obtained from the © 
Doppler wave form can be used for longitudinal or 
cross-sectional studies in patients with cardiac disease, - 
the variability inherent in these Doppler measurements — 
must be understood. Therefore the present investigation — 
was performed to (1). provide a normal adult reference 
range for Doppler echocardiographic indexes of right 
ventricular diastolic and tricuspid valve function, and — 
(2) determine the sources of technical and biological 
variability with this technique. | 


JL clinical cardiology there has been renewed interest y 





METHODS 

‘Study group: The say group consisted of 74 nor- 
mal volunteers (39 men and 35 women, aged 26 to 77 | 
years [mean 45]). All subjects had a normal cardio 
respiratory history, physical examination and echocar 
diogram. Ten people were excluded during selection be 
cause of possible cardiovascular or respiratory disease 
Thirty of the volunteers smoked cigarettes but had ni 
symptoms or signs of chronic lung disease. We per 
formed a comparative study of mitral and tricuspi 
Doppler characteristics in the 74 volunteers and a. rep 
ducibility study in 25 of these same volunteers. 


COMPARATIVE VALVE STUDY E 


BRUARY 1, 1991 





on his or fer left dea ca measurements were ae 
arasternal short-axis plane, an apical 4-cham- 
“plane or a modified position midway between the 
pex and parasternal short-axis planes. The latter posi- 
ion was most often used for assessing tricuspid valve 
low because it gave the best flow alignment with the 
least wall motion interference; this was important be- 
Ause a lower velocity range and filter settings were re- 
-quired for tricuspid flow in order to improve the resolu- 
tion. The sample window was placed just distal to the 
` tips of the open atrioventricular valves with minor ad- 
ustments made until clear visual and auditory Doppler 
ignals were obtained. 

Doppler analysis: The Doppler recordings were 
“made at a sweep speed of 100 mm-s™!. The Doppler 
spectral display was traced using a tracker ball facility 
and analyzed using on-line computer software. In each 
: subject the cardiac cycles with the most clearly defined 
flow velocity wave form, the maximum early diastolic 
relocity and the steepest descent of early flow velocity 
were chosen for analysis. The average from 6 cardiac 
<eycles for each valve was taken as the final result. 
= The following measurements were obtained (Figure 
<1): (1) peak early inflow velocity (E) m-s7!, (2) peak 
-late atrial velocity (A) m-s7!, (3) ratio of early to late 
: peak atrial velocity ratio (E:A), (4) pressure half-time 
(ms) by the method of Hatle et al,!! (5) early decelera- 
tion slope (EF) m-s~’, (6) early acceleration slope (OE) 
ms~*, and (7) velocity time integral (cm). 

- Since the flow velocity wave form is displayed as a 
: gray scale line of certain thickness, the points O, E and 
A on the spectral display were identified as the mid- or 
modal points of the gray scale spectrum. The slope of 
-the EF or OE lines were similarly defined by drawing a 
-straight line passing through the midportion of the gray 
-seale spectrum. In the instances in which the slope EF 
«was curved rather than a straight line, EF was con- 
“structed as the line identifying the maximum measure 
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any umg ph he 
and E: A ratio Ea a measure s of f the cont l 
of atrial systole to ventricular filling.'® = 


Preliminary observations: There were mikt dif. 2 


ferences in the effect of respiration on mitral and tricus- 


pid flows. Considerable respiratory variation was seen in a : 
the diastolic flow velocity profile for the tricuspid valve _ 


with little, if any, variation in mitral valve flow. 
This marked difference made comparisons between the 
valves meaningless unless a tricuspid flow pattern from 
a specific phase of the respiratory cycle was chosen for 
all measurements. We chose the tricuspid wave form 
with the maximum early velocity from the inspiratory 
phase of the respiratory cycle. This gave the clearest 
spectral display for analysis and the final result was 
from the average of 6 cardiac cycles. Since there was 
little important variation in normal mitral flow with res- 
piration, the average from any 6 clear cardiac cycles 
was taken for comparison. 

Statistical analysis: The population was character- 
ized in terms of reference limits: the mean, standard 


deviation and range were recorded. All significance tests 
0.05 level. For each of the 


were performed at a p = ; 
variables. the hypothesis of no difference between the 


valves was tested with a Mann Whitney U test or a 2- 


sample f test depending on the distribution of the re- 
sults. The relation of the variables with body surface — 
area and age were examined by linear regression analy- 
sis and correlation. : 


REPRODUCIBILITY STUDY 

Doppier measurements: The following sources of 
variability were assessed from the measurements ob- 
tained from 25 of the study subjects. All measurements 
in this part of the study represent the average values 
from 6 cardiac cycles: (1) intraobserver variability— 
comparing paired readings obtained by the same ob- 
server on 2 separate occasions on the same day; (2) in- 
terobserver variability—-comparing results obtained and 
analyzed by 2 observers for the same subject on the 
same day; (3) day-to-day variability—-comparing paired 


readings obtained by 1 observer from 2 tracings record- ` 


ed on 2 separate days. This estimate also embodies in- 
traobserver variability; (4) respiratory cycle variation—— 
the maximum difference for each of the variables over a 
respiratory cycle was determined by | observer. The be- 
ginning ef inspiration and expiration was marked on the 
recording. 

Statistical analysis: The data from the reproducibil- 


| ity study consisted of 25 pairs of measures obtained 
from 25 ‘subjects for each of the 4 sources of variability — _ 






assessed in the study. The means of the absolute differ- 
ences between paired readings were calculated for each- 

source of variability. The mean differences between 
paired readings were evaluated using the Student’s t 
test. In addition, the upper 95% confidence limit was 
he distribution of the absolute differences — 
i e of diastolic function. 





















ae the 2 abe shea There- was a denen eet 
pee pitral deceleration slope 35 59 vs 2. 95 ms”, 


= across the 2 values (47 vs ‘51: ms, " difference not 
noe lie mean acceleration: to San ke veloci- 


39. P <0. 001), d kel Lire rial: Tveit ae 
3, p <0.01) and age (Figure 2). The mitral E:A ratio 
o showed a weak inverse relation with age (r = 
-=Q 245, p <0.01). There was no significant correlation 
een any of the tricuspid flow parameters and age. 
e was no difference in the Doppler parameters of 
kers and nonsmokers. 
fariability study: The means of the absolute and 
centage differences of- paired. measurements and 
- upper 95% confidence intervals are listed in Tables 


nd. IH, respectively. The intra- and interobserver 


ability were small for all of the Doppler. indexes 
yzed. The effect of respiration on tricuspid flow 
used significant variation and, as discussed earlier, led 
the sampling and analyzing of peak tricuspid flows 
nly during inspiration. The intraobserver and interob- 
erver variabilities were small and not significant. The 
means of the absolute differences and upper 95% confi- 
“dence limits for measurements obtained on 2 different 


days. (and analyzed by 1. observer) were larger than — 


os T due to observer ae for n most of. the 2 omnes 
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hasi This E respiratory: val 
noted and analyzed during preliminary obse: 
and made it necessary to assess tricuspid fow. Rom 
same part of the respiratory cycle in order to mak 
meaningful comparisons with mitral valve flow. Inspira : 
tory tricuspid flow was chosen because it gave the maxi- 
mum flow velocity and clearest spectral. display for 
analysis. The maximal early and late tricuspid diastolic 
velocities and the velocity time integral were always | less. 
than the maximal diastolic velocities across the mitral 
valve; the tricuspid peak velocity was. approximately T 
70% of the mitral peak velocity. This is because the tri- 
cuspid valve area is invariably greater than the mitral 
valve area and since mean flow across both is the same ~ 
per cardiac cycle, the velocity of blood on the right side 
of the heart must be lower. Also, because of the heart. 
position in the chest the Doppler beam is closer to paral- = 
lel alignment for mitral valve inflow than tricuspid flow : 
and hence will tend to give a higher peak velocity. for 
mitral valve flow. The mitral deceleration slope was sige 
nificantly steeper than the tricuspid slope, but there was 
no significant difference between the equivalent half- 
time values. This discrepancy between slope and half- 
might be explained by the differences in peak early 
diastolic. velocities between the 2 valves. The pressure Í 
half-time is dependent on the peak velocity; as the peak 
velocity increases, with the deceleration slope remaining ee 
constant, the pressure half-time will also increase pro- 
portionately. Therefore, if only pressure half-times were _ oo 
measured, the higher peak early mitral velocity could 
mask the difference in deceleration slopes. Appleton. re 
al,4 in the only other study to assess normal tricuspid E 
flow, alse found a shorter deceleration time for the mi- 
tral valve (199 + 32 ms) than for the tricuspid valve 
(221 + 31 ms), but deceleration slopes or pressure half- ` 
times were not reported. A steeper early apean Pa 
slope for the mitral valve was also found. o 
We found a weak correlation between peak, mitia i 
early velocity, atrial velocity or E:A ratio and age and 
no significant correlation in these same parameters for 
the tricuspid valve. Previous reports have shown a stron- 
ger association betweeen age and Doppler indexes of 
mitral valve flow (e. .g., Sartori et al!” found a strong 
negative correlation between mitral early velocity and 
age [r = 0.905, n = 25]). However, there have beena | 
few conflicting reports. Wilson et al* studied a larger 
study greup (n = 110) and reported a wider scatter 
with a relatively weak correlation between ; age and peak : 
mitral early velocity (r = —0.39); we are unable to eX ae 
plain this difference between groups. a, 
Reproducibility study: The reproducibility stùđy; ae = 
cluding he effects of respiration, produced very similar I 
lts: for be h valves = he evatia bility -analysis suggests > 












































| Deceleration Ae 
(ms?) fms 


Ptl/2 
(rms) 


a Gay a 
(ms~') (ms!) 

Tricuspid Mitral Mitral ries 

0.24 (14) 

0.23 (13) 

0.35 (20) 

0.32 (18) 


Tricuspid 


ntraobserver 0.05(7) 0.04(8) 
nterobserver 0.07 (10) 0.06 (12) 
0.12(18) 0.10(19) 0.07(15) 0.06(17) 0.42 (25) 
0.03 (4) O. 18(35) 0.02(4) 0.14 (40) 0.14 (8) 


Mitral Mitral Tricuspid 
0.02 (4) 0.04(11) 


0.03(6) 0.05(14) 


Tricuspid 


87} 7de 
9(19) 704) 
1634) 17(33) 
7(15) 21(41) 


Mitral 


0.68 (19) 
0.65(18) 
1.05 (29) 
0.37 (9) 


Tricuspid 


0.45 (15) 
0.52 (18) 
0.92 (30) 
1.95 (66) 


0.21 (13) 
0.27 (16) 


Respiration 


"Numbers i in parentheses = percentage difference: abbreviations as in Table L 


hat Doppler indexes of early and late peak velocities 
t both valves are reliably measured between observers 
and on a day-to-day basis. The pressure half-times, ac- 
eleration and deceleration slopes are certainly repro- 
ucible between and within observers; however, their 
1y-to-day variability makes them less reliable as sensi- 
ye markers of ventricular diastolic function although 
e adequate for the assessment of valvular heart dis- 

>, The more marked day-to-day variation is not sur- 
prising because this method inherently includes intraob- 


server variability as well as physiologic changes such as- 


alterations in autonomic tone and ventricular loading 
nditions, which are known to influence these flow ve- 
ocities. These variability results are very similar to the 
only previously reported reproducibility study by Spirito 
st al? for Doppler indexes of mitral valve flow. 
-Doppler methods: The usual pitfalls that are known 
to occur in the Doppler assessment of the mitral valve 
can occur in measuring tricuspid flow. It is important to 
be close to parallel (<20°) with the direction of blood 
flow to obtain a clear spectral display and a true veloci- 
_ ty profile. This was most often obtained for the tricuspid 
valve using a modified transducer position midway be- 
tween the apex and parasternal region. This tended to 
lengthen the right ventricular inflow region, allowing 
“easier alignment with flow, and also reduced wall mo- 
tion noise which can be a common problem when using 
w filter settings and low velocity Doppler range 
ne apex. The highest velocities across both valves 
rded with the sample window at or between the 


the valve leaflets as they. a gets! diastole, | 


Corinne Doppler across the mitral or tri- 


ne not te used’: in the assessment of diastolic func- 

Heart rate may influence the relative heights of 

; and late velocities, but in this study the mitral 

icuspid valves were compared almost simulta- 
at identical heart rates. 


0.54(9) 2.69 (46 
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Left ventricular (LV) hypertrophy and mild dys- 
function are frequently observed in alcoholics but 
little is known about how they relate to the duration 
severity of aicohoi abuse. LV size, mass and 


holics who also gave detailed accounts of the dura- 
tion of heavy drinking, the quantity of recent etha- 
-pol consumption and the duration of abstinence. 

_ Compared with 34 heaithy nonalcoholics, alcoholics 
. had a higher LV mass index (85 + 2 [mean + stan- 
_ dard error] vs 77 + 2 ¢/m?, p = 0.001), a thicker 
posterior wall (11 + 0.2 vs 10 + 0.2 mm, p = 
0.02), a longer end-systolic diameter index (18 + 
0.3 vs 17 + 0.3 mm/m?, p = 0.02), and a higher 

. preejection period/ejection time ratio (0.36 + 0.01 
_ vs 0.33 + 0.01, p = 0:002). in multivariate linear 
regression models, these abnormalities proved in- 

` dependent of the drinking history, except that pos- 
- terior wall thickness was weakly related to the du- 
_ ration of heavy drinkiag (standardized correlation 

: coefficient 0.36, p = 0.01). Univariate analyses 

` suggested that the LV mass index and systolic time 
-interval ratio had, if anything, a curvilinear relation 
“to the total duration cf heavy alcohol consumption. 
R is concluded that the LV hypertrophy and dys- 

< function found in alcoholics are poorly related to 
“the duration and severity of self-reported alcohol 
abuse. Together with other data, this suggests that 
- there is no simple linear dose-injury relation in the 
_dong-term cardiotoxicity of ethanol. Factors modify- 
-ing the myocardial effects of ethanol need to be 

- studied more in the future. 

(Am J Cardiol 1991;67:274-279) 
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acterized by left ventricular (LV) hypertrophy,!? < 

mild systolic? or diastolic?’ dysfunction, or — 
both, an impaired response to afterload challenge or dy- 
namic exercise,”'® and a liability to arrhythmias. 1112 — 
Whether, and to what extent, these abnormalities de- 
pend on the duration and quantity of alcohol abuse is- 
still seldom studied and the data are controversial,235 
We therefore examined a comparatively large number 
of chronic alcoholics to see if their LV size, mass or ` 
function, as determined by echocardiography and sys- = 
tolic time intervals, relate to the details of their drinking- = 
histories. The present report contains results of perti- 
nent univariate and multivariate analyses and. compares . 
alcoholics with age- and sex-matched nonalcoholics. 


METHODS E -< 
Alcoholics: A total of 85 alcoholics were consecu- 
tively hospitalized for detoxification and research pur- 
poses. For inclusion into our study they had to be free of 
history, signs and symptoms of any cardiovascular, met- 
abolic or respiratory disease. The final study group 
comprised 78 male alcoholics aged 27 to 56 years 
(mean 39). E 
Protocol: The day after admission the patients un- `- 
derwent routine laboratory testing to study, among oth- © — 
er parameters, hematology (Coulter autoanalyzer), se- 
rum electrolytes (ion-selective electrodes), serum aspar- 
tate and alanine aminotransferases (enzymatic) and 
serum gammaglutamyltransferase (enzymatic). A 12- 
lead electrocardiogram (50 mm/s) and a chest may 
were also obtained. a 
The studies in the cardiovascular laboratory were 
made after detoxification. In addition to a routine clini- ~ 
cal examination, the subjects were carefully questioned ee 
regarding the total duration of heavy alcohol consump- 
tion (years), the length of the last uninterrupted drink- _ 
ing period (weeks) and the length of abstinence (days). _ 
They were also asked to specify the types and amounts 
of alcoholic drinks typically consumed in 1 day duringa 
drinking bout. These were converted to grams of abso-  _ 
lute ethanol and added up to produce an estimate of = 
daily consumption. The quantity of recent ethanol expo- 
sure (g/kg) was calculated by multiplying the estimate __ 
of daily consumption by the number of days in the 
last drinking period and dividing the product by body 
waei Current quantitative smoking h abits (nu bi 


S ubclinical alcoholic heart muscle disease is char- _ : 
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: aphy: Ultrasound studies were made 
using a cross-sectional scanner (Irex System HI or To- 
hiba SSH-60A) equipped with 2.25- and 3.75-MHz 
... phased-array transducers and a strip-chart recorder. M- 
-mode echoes of the left ventricle were recorded together 
< -with an electrocardiogram and an external phonocardio- 
< gram, using a technique that has been described in de- 
-tail elsewhere.'? The chart speed was 100 mm/s. Ana- 
`- lyzable studies were obtained in 68 alcoholics (87%). 
-The following LV measurements were determined and 
: aad over 5 consecutive, technically acceptable car- 
= diac cycles, as previously detailed!3!4: end-diastolic di- 
`- ameter, end-systolic diameter, posterior wall thickness, 
<> mass, fractional shortening and peak diameter lengthen- 
; ing rate. The cavity diameters and mass were divided by 
-body area to get the respective normalized indexes. 
H eart rate was derived from the RR intervals in the 
lectrocardiogram. 
=o Systolic time intervals: An indirect carotid artery 
=- tracing, a high-frequency external phonocardiogram 
<== and an electrocardiographic lead accurately displaying 
me the onset of depolarization were recorded simultaneous- 
___ ly at the speed of 100 mm/s. High-quality tracings were 
ga -obtained i in 66 subjects (85%). The preejection period 
and its ratio to the LV ejection time were measured and 
~~ averaged over 10 consecutive cycles, as previously de- 
~ seribed.!> 
_ Blinding and reproducibility: Both the echocardio- 
> graphic variables and the systolic time intervals were 
~ measured blindly: the recordings of the alcoholic sub- 
- jects were mixed up with those of the control subjects 
©. (see below), coded and analyzed by an investigator 
~ (PK) other than the one who had performed the exami- 
~~ nations (MK). The reproducibility of these methods in 
our hands has been validated previously.!3.!5 
Control subjects: For a control group, we studied 34 
male volunteers aged 27 to 59 years (mean 40). All 
re only infrequent or moderate drinkers and free of 
Cal diovascular, metabolic and respiratory diseases, ac- 
> -cording to history, physical examination and 12-lead 
<: electrocardiography. They underwent an echocardio- 
-graphic LV study and determination of the systolic time 
‘intervals as previously described. The ultrasound re- 
> cordings were of acceptable quality in all 34 subjects. 
-> Tracings for the systolic time intervals were of accept- 
ae able quality in 29. 
.. Statistical analysis: Differences in the LV measure- 
a between the alcoholic and control groups were 
< assessed by Student’s r test and analysis of covariance; p 
values <0.05 were considered statistically significant. 
Multiple linear regression was used to examine, among 
he alcoholics, the dependence of the LV size, mass and 
on the details of the drinking history and on 
confounding factors. Grossly skewed data were 







































ed before fitting them i into. the tegression 


tional : ethics: ene ai 
E “if and each subject gave verbal informed consent. 
















“Total duration of heavy drinking (yr) 13 13 1-25 






Length of the last drinking period (wk) 28 8 1~250 
Daily ethanol consumption (g) 294 300 90-690 
Recent ethanol exposure* (g/kg) 658 283 9--3,990 
Duration of abstinence (days) 9 7 1-55 







* Length of the last drinking period X 7 X daily ethanol consumption / body wot ape 







mated coefficients and by the R? statistic. Selected uni- 

variate regression curves were also computed without. 
presupposing the shape of the function. For this purpose 

we used the locally weighted scatterplot smoother devel-. 
oped by Cleveland'® and available in Systat-Sygrap 
software.'’ This method produces a regression curve by- 
running along the x values and finding predicted values - 
from a weighted average of nearby y values. We chose a- 
running window that included 90% of the data points. 


RESULTS 
Descriptive data on the alcoholics: All alcoholics 
were episodic drinkers; their drinking histories are sum- . 
marized in Table I. Quantitative smoking data were 
available in 70 alcoholics: 11 were nonsmokers and the - 
mean cigarette consumption in the remainder was 24/ 
day (median 20; range 5 to 60). All except 1 alcoholic 
had a blood hemoglobin concentration >120 g/liter. At 
least 1 of the measured liver enzymes was elevated in 45 
alcoholics (58%) and all 3 in 13 (17%). None had a 
history or signs of liver cirrhosis. Serum postassium and 
magnesium were each abnormally low in 2 alcoholics. 
The electrocardiogram revealed a voltage sum 235 mm 
in 19 alcoholics (26%) of whom 6 were aged >40 years. 
The radiologic heart volume was >500 ml/m? of body 
area (the upper limit of normal in our laboratory) in 20 
alcoholics (29%) but >600 ml /m? i in only 1 (2%). None 
had pulmonary venous congestion. | 
Comparisons of alcoholics and control subjects: Ta- 
ble H summarizes the data on heart rate, blood pressure 
and the LV measurements in the alcoholic and control 
subjects. The between-group differences found in the- 
LV end-systolic diameter index, posterior wall thick- 
ness, mass index and systolic time interval ratio re- 
mained statistically significant (p <0.05) even after- 
adjustment for different heart rates by analysis of co- 
variance, : 
Multiple linear regression analyses: Linear regres 
sion models were fitted to the data of the alcoholics us- 
ing the duration of chronic heavy drinking, log recent 
ethanol consumption, duration of abstinence, daily ciga 
rette consumption, age and systolic blood pressure a; 
independent (explanatory) variables and the LV mea: 
surements (end-diastolic diameter index, end-systolic 
diameter index, fractional shortening, peak diame! 
lengthening rate, posterior wall thickness, mass indé 
peon pad and preejection ES ejection tir 
atio), each in turn as the dependen 









































































Heart rate (beats j min) 
















Data are mean + standard error. 







For systolic time intervals, n = 29. 
t p value from Student's nest. 





“(standardized coefficient 0.36, p = 0.01) but not on the 
‘other measurements, and neither log recent ethanol con- 
umption nor the duration of abstinence were signifi- 
cantly related to the LV measurements. Smoking had a 
‘direct effect on both the end-systolic diameter index 
(standardized coefficient 0.38, p = 0.01) and the pre- 
ejection period (standardized coefficient 0.39, p = 
0.01), and age had a negative effect on the peak diame- 
ter lengthening rate (standardized coefficient —0.29, p 
= 0.03). The regression model was statistically signifi- 
cant for the LV end-systolic diameter index (F = 2.35, 
R? = 0.22, p = 0.04), peak diameter lengthening rate 
(F = 2.37, R? = 0.25, p = 0.04), posterior wall thick- 
ness (F = 2.53, R? ='0.23, p = 0.03) and preejection 
period (F = 2.71, R? = 0.27, p = 0.02). Even the over- 
‘all fits were thus relatively poor, and generally <25% of 
the variation in the LV measurements could be attribut- 
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LV end-systolic diameter index (mm/sam 


o Systolic blood pressure (mm Hg) 12042 12142 .B6C 

Diastolic blood pressure imm Hg) 78 +1 7741 656 

= vLeftventricular — oe 
End-diastolic diameteriindex (mm/m?) 2640.3 25 £0.4 0.120 
End-systolic diameter index {mm / m°) 1840.3 1740.3 0.019 
Fractional shortening (%) 3040.7 3240.7 0.057. 
Peak diameter lengthening rate (mm/s) 12145 12645 0.450 
Posterior wail thickness (mm) 1140.2 10+0.2 0.017 
Mass index (g/m?) 8542 7742 0.001 . 
Preejection period (ms) 100 + 2 100 + 2 0.945 
Preejection period, / ejection time 0.36 + 0.01 0.33 +0.01 0.002 


* For echocardiographic measurements, n = 68, and for systolic time intervals, n = 66. 



























ed to the combined effect of the R explan: : 
atory factors. 

Nonlinear univariate regressions: Because the hy- = 
pothesis of linear associations between the drinking his- 
tory and the LV measurements had to be largely reject 
ed, we computed univariate regression curves between 
selected LV measurements and the duration of heavy a 
drinking or the quantity of recent ethanol use, without a 
making any assumptions about the shape of the — - 
tion between each 2 variables (Figures 1 to 4). O 




















DISCUSSION 1 a 

We found that, even ous alcoholics as a group. : 
had an increased mass and impaired systolic function of 
the left ventricle, there was no simple relation between r: 
the degree of these abnormalities and either the total. 
duration of heavy drinking or the quantity of the most. 
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less, in all, « i investigators ignored the effect of the duratior o 

1 ear. association - es: the severity a a holism. Neither study adjusted their analyses for oth 

od alcohol abuse and the degree of LV hypertrophy potential determinants of the LV measurements, ‘su 

Bosfinetion i in chronic alcoholics. o -as age, blood pressure, smoking and the duration of a a 

i y j stinence.!8-20 

Recently, Urbano-Marquez et al? reported that “io 
sets 0 tal lifetime consumption of ethanol” was directly and 
a ardiae aloke 2 eckaenrdinsraphy. and. Catal linearly related to the LV mass and fractional shorten- 
me: c intervals and und no > differences i m LV mass or ing on echocardiography (r = 0.42 and —0.35, respec- 
tively) and to the ejection fraction on radionuclide 
angiography y = —(. 46) i ina epp of 50 chronic al- 
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FIGURE 2. Posterior wal thickness in relation to the duration of heavy rink and the quantity of recent ethanol use in alco- 
ics. armas aah al i. i 
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ements were unrelated to ethanol use up to its 
katie di dows of about 20 kg/kg of body weight, and 
ly beyond that (in a minority of the study population) 
did the ejection fraction decrease and the LV mass in- 
ease with increasing lifetime consumption. In our own 
study, the computed regression curves between the LV 
mass index or the preejection period/ejection time ratio 
and the duration of heavy drinking were close to hori- 
zontal up to about 12 years of heavy drinking but indi- 
cated thereafter a steady progression of LV hypertrophy 
and systolic dysfunction with increasing duration of 
heavy consumption (Figares 3 and 4). Though inconclu- 
sive, these analyses suggest, together with the data of 
: Urbano-Marquez et al,“ a curvilinear relation between 
“LV involvement and the total duration of alcohol abuse. 
There might thus exist a threshold in the cumulative 
ethanol exposure (20 kg/kg of body weight or approxi- 
mately 12 years of heavy drinking?) beyond which con- 
tinued abuse would result in a steeper progression of LV 
_ involvement. 
tricular measurements and history of alcohol abuse: 
< Alcoholics are notoriously unreliable in their drinking 
histories, at least at reutine clinical examination. Al- 
_ though this is a possible confounding factor, it should be 
-noted that alcoholism was in our study a known and 
“accepted” condition, and the subjects therefore had lit- 
- tle reason to keep their true drinking habits from the 
_ examiner. The cross-sectional design of our study is an- 
_ other potential limitation because, assuming that the al- 
- coholic heart muscle disease has prognostic influence, it 
gould cause a bias toward studying proportionally less 
~ severe involvement with increasing duration and sever- 
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ry e for die ae a of thanol 
The basic mechanisms and course of alcoholic hea 
muscle injury are still poorly understood, even to th : 
point that there is debate as to whether congestive 
alcoholic cardiomyopathy represents a disease entity in 
its own right. Studies in adult animals have uniform- 
ly failed to produce dilated congestive LV failure by 
chronic ethanol administration, and although subtle bio- 
chemical, structural and functional abnormalities are 
common, no simple dose-injury relation has been de- 
scribed.2!-23. Furthermore, only a small minority of 
chronic human alcoholics (probably less than 5%)?4 ever 
develop clinical evidence of LV dysfunction, which sug- 
gests that there must be either individual sensitivity to > 
the cardiotoxicity of alcohol or noxious co-factors in- ~ 
volved in the more severe cases. Hypertension, malnutri- -~ 
tion, intercurrent viral myocarditis, smoking and immu- 
nologic disorders have been incriminated as co-factor 
but none has so far proved to be of current impo 
tance.2!5 Incidentally, smoking seemed to have an in- 
dependent negative influence on LV systolic function in 
our study: the more cigarettes the alcoholic consumed 
daily, the larger was the LV end-systolic size and the 
longer the preejection period. This conforms with earlier 
data shewing smoking-related LV impairment in hu-. 
mans!’ and in experimental animals.” An interaction of 
smoking with ethanol on myocardium, however, has not = 
been detected.” oe 

Finally, we would like to underscore that our data 8 
did show an undisputable LV involvement in the form ©- 
of hypertrophy and mild systolic dysfunction in asymp- T 
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: “oon of os eventual E ea of clinical dys- 
ction. Ethanol may not be the ee oui 
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mamic and electrophysiologic studies were 
din 30 survivors of sudden cardiac arrest 
with hypertrophic cardiomyopathy (HC) to deter- 
malities alone were present in 27 patients (90%): 
sinus node dysfunction in 14 (47%), delayed atrio- 
ventricular nodal conduction in 1 (3%), abnormal 
His-Purkinje conduction in 7 (23%), an inducible 
atrial tachycardia in 7 (23%), and inducible sus- 
tained ventricular arrhythmia in 21 (70%). Sus- 
` tained ventricular arrhythmia was polymorphic 
- ventricular tachycardia (VT) in 18 patients (86%), 
monomorphic VT in 2 patients (7%) and ventricular 
fibrillation in 1 patient (3%). In 1 patient the ar- 
_ rhythmia recorded during an episode of cardiac ar- 
rest and induced at electrophysiologic study was 
polymorphic VT. VT was induced with <2 extra- 
stimuli in only 1 patient (39°) but with <3 extra- 
stimuli in 20 patients (97°). 

Potential causes of sudden cardiac arrest were 
found in all patients and were multiple in 13 pa- 
tients (43%). These were (1) ventricular electrical 
instability in 21 patients (70%), (2) severe left ven- 
-tricular outflow tract obstruction in 8 patients 
(27%), (3) bradycardia in 5 patients (17%), (4) 

_ myocardial ischemia associated with hypotension in 
`- § patients (17%), and (5) atrial tachycardia result- 
ing in hypotension in 4 patients (13%). 

Of the 21 patients with inducible sustained ven- 
_ tricular arrhythmia, 17 received an implantable de- 
- fibrillater device and 4 were treated with antiar- 

— rhythmic drugs. Seven patients underwent left ven- 

_ tricular septal myectomy. Three patients with atrial 
tachycardia received antiarrhythmic medication. 

One patient had catheter ablation of a concealed 

 posteroseptal accessory pathway. Three patients 

- with myocardial ischemia as the only abnormality 

-were treated with verapamil and propranolol (2 

_ also received implantable defibrillators). 

. During a mean follow-up period of 18 + 19 
‘months (maximum 75), 4 patients died suddenly 

and 4 patients received a total of 13 defibrillator 
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shocks (1-year survival rate of 93% and a 1-year A 
event-free rate of 80%). 

Thus, electrophysiologic studies identify poten- 
tial mechanisms for cardiac arrest in most patie ients- 
with HC. Although most cardiac arrest survivors 
with HC have an inducible sustained VT and may 
benefit from an implantable defibrillator, hemody- 
namic plus hemodynamic studies in many patients 
identify other potential etiologic or aggravating fac- ~ 
tors that may also require treatment. E 

(Am J Cardiol Avett een T 



















pproximately 50% of sudden cardiac arrest’ surv 
vors with hypertrophic cardiomyopathy (HC 
..are dead or have further cardiac arrest within 5 
years after the initial episode. ! Attempts to reduce the 
incidence of sudden death in these patients requires a 
understanding of the mechanisms that may be responsi- 
ble for this devastating complication. E 

Electrophysiologic studies have an established role i in 
the management of survivors of sudden cardiac arrest 
who have cardiac diseases other than HC. Although a 
variety of electrophysiologic abnormalities have. been 
described in small numbers of patients with HC,>? the 
ability of these studies to elucidate the mechanisms re- ss 
sponsible for cardiac arrest, and whether such studies _ 
will result in practical and effective therapeutic strate- ` 
gies for survivors of sudden cardiac arrest with HC, re- _ 
main unclear. The present investigation documents the | 
Holter, electrophysiologic and hemodynamic abnormal- é 
ities in 30 patients with HC who were successfully re- 
suscitated from a cardiac arrest, and determines the fre- 
quency with which these tests reveal abnormalities. that 
are amenable to therapy. 















METHODS ae 

Patient group (Table I): The patient group consisted. 
of 39 consecutive patients with HC who presented with 
sudden cardiac arrest between February 1984 and Jan- 
uary 1990. Their ages were 39 + 20 years (range 7 to 
72 years). Five patients had undergone operation for ob- — 
structive HC and 5 patients had a family history of sud- 
den death. Sudden cardiac arrest was defined asa h 
ry ef cardiopulmonary resuscitation that required e 
laris within l hour of oe HC was d 
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a * yocardial ischemia; MVT = sustained monomorphic. ventricular tachycardia; PVT = sustained polymorphic ventricular tachycardia; SND = sinus node disease: SVT = i 
_ Supraventricular tachycardia: VA = anes ventricular arrhythmia; VF = ventricular fibrillation; + = present: a absent. 


- derwent 48-hour Holter monitoring, right- ai left-sid- 
«ed cardiac catheterization, coronary arteriography and 
lectrophysiologic studies. All patients had normal coro- 
-nary arteries. Obstructive HC was defined as basal left 
-ventricular outflow. tract gradient of 230 mm Hg. 
song-term follow-up assessment included 6- monthly 

to the cardiology clinic and telephone interroga- 
atients, their relatives and their physicians. 
erval between cardiac arrest and evaluation 

2.9 months. 
physiologic study: All cardioactive drugs 
discontinued 25 half-lives before: the study. The 
dy was performed after an overnight fast and the pa- 
sedated with 10 mg of diazepam administered 
All patients gave informed consent. Three multi- 
trode catheters (5Fr or 6Fr) were introduced 
eously into the right femoral vein and posi- 
der fluoroscopic guidance in the high right 
m, across the tricuspid valve and in the right ven- 
la apex. In patients with supraventricular tachy- 
in additional quadripolar catheter was placed in 
coronary sinus through a subclavian vein. After as- 
of supraventricular function, the high right 
eter foie Pia in | the o righi ventricular 


ventricular stimulation. Intracardiac electrograms were 
filtered at 30 to 500 Hz and standard electrocardio-— 
graphic leads I, II and V, were filtered at 0.1 to 20 Hz 
and displayed simultaneously on a multichannel oscillo- 
scope (Electronics for Medicine, VR16) and recorded 
on light-sensitive at a paper speed of 100 mm/s. The _ 


 12-lead electrocardiogram was recorded during induced 


arrhythmia. Programmed stimulation was performed 
using a digital programmable stimulator (Bloom ASSO- ` 
ciates) and 2.0-ms rectangular pulses at twice late dia- 
stolic threshold. | x 
Details of our programmed stimulation protocol — 


have been described previously.'° Briefly, the following 


were determined: sinus node recovery time, sinoatrial © 
conduction time, atrial refractory periods, atrioventricu-- 
lar nodal refractory periods, Wenckebach cycle length, — 
shortest cycle length with 1:1 atrioventricular nodal 
conduction, site and characteristics of any existing atrio- 
ventricular accessory pathway, ventricular refractory 
periods, and extrastimuli intervals that failed to induce 
or resulted in the induction of a sustained ventricul: 
arrhythmia. Programmed ventricular stimulation 
volved a stepwise increase in aggressiveness: GQ) in 


tion of 1 Co. 2. Gp and 13 Sa) or 5 
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y drives at a left ventricular site. The coupling intervals 
re reduced to refractoriness. The end point of pro- 
mmed stimulation was ventricular refractoriness or 
uction of a sustained ventricular arrhythmia. The 
mulation protocol did not include ventricular burst 
sing or Isuprel® infusion. 

Definitions: Nonsustained ventricular tachycardia 
VT) was VT of 3 beats to <30 seconds’ duration that 
erminated spontaneously. Sustained VT was VT of 
30 seconds’ duration or VT requiring termination due 
© hypotension. VT with continuously changing QRS 
norphology was termed polymorphic and that with con- 
tant QRS morphology was termed monomorphic. Ven- 
ricular fibrillation was ventricular arrhythmia without 
iscernable discrete beats identifiable on the surface 12- 
ead electrocardiogram and with continuous intracardi- 
c electrical activity. An appropriate defibrillator shock 
“was defined as an eleetric discharge by the device that 
¿was preceded by syncope. 

Statistical analysis: Data are expressed as mean + | 
tandard deviation unless otherwise specified. The Stu- 
-dent’s ¢ test was used for comparison of data. Cumula- 
tive survival was determined by product-limit survival 
“analysis using sudden death and defibrillator shocks 
as time variables. A p value <0.05 was considered sig- 









































Left ventricular outflow tract obstruction: Eight pa- 
tients had significant basal left ventricular outflow tract 
“gradients: 88 + 27 mm Hg, range 50 to 130 mm Hg. 
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out VT during Holter monitoring were nol 
different (Figure 1). Five of 17 patients (29 
VT during Holter monitoring were aged 50 ti 
Ten of the 13 patients (77%) with VT durin 
monitoring had an inducible sustained ventri 
rhythmia compared with 11 of 17 patients (65% 
out VT during Holter monitoring (p >0.05).. 
Electrophysiologic abnormalities: Electroph 
ic abnormalities were present in 27 patients 
sinoatrial conduction time >120 ms in 14 pa 
(47%) and corrected sinus node recovery time >50 
in 1 (3%); delayed atrioventricular node conduction < 
(Wenckebach periodicity occurred at drive cycle length 
of >500 ms) in 1 patient (3%) and rapid atrioventricu- 
lar nodal conduction (Wenckebach periodicity occurred | 
at a drive cycle length of <300 ms) in 3 patients (10%); 
His-Purkinje conduction abnormality (HV interval of — 
>55 ms or induction of infra-Hisian block during atrial _ 
refractery Pele measurement or atrial incremental - 
pacing) in 7 patients (23%), inducible atrial fibrillation = 
in 3 patients (10%), atrial reentrant tachycardia in 3 © 
patients (10%), and atrioventricular reentrant tachycar- 
dia due to a concealed posteroseptal accessory pathway. 
in 1 patient (3%). Additionally, 23 patients (77%) had 
an inducible ventricular arrhythmia (sustained in 21). 
induction and characteristics of sustained vent ricu- 
lar arrhythmias: Sustained ventricular arrhythmi 
polymorphic VT in 18 patients (86%), monomorp! 
VT in 2 patients (7%) and ventricular fibrillation in 1 
patient (3%). The cycle lengths of the monomorphic VT ae 
were 250 and 265 ms, respectively, and cycle lengths of = 
polymorphic VT were 230 + 22 ms. > 
Sustained ventricular arrhythmia was induced at the . 
first site (right ventricular apex) in 7 patients (33%), - 
second site (right ventricular outflow tract) in 7 patients _ 
(33%), and at the third site (left ventricle) in 7 patient 
(33%). Sustained VT (polymorphic) was ee 
extrastimuli in only 1 patient (3%) with an Si 
S3 of 400, 270 and 210 ms but required 3 extrastim E 
in the remaining 20 patients (97%). The premature in- 
tervals that resulted in induction of monomorphic VT 
were: S;, 600 ms; S2, 270 ms; S; , 200 ms; and Sa, 220. 
ms, and S;, 600 ms; S}, 280 ms; S5, 250 ms; nd: 
220 ms. The premature intervals that induced po 
phic VT were: Si, 470 + 95 ms; So, 278 + 
228 + 24 ms; and S4, 219 + 20 ms. The S i 
S4 intervals that failed to induce sustaine 
arrhythmia (n = 9) were not significan 
400 ms; S», 280 + 29 ms; S}, 246: 
212 + 29 ms. All episodes of induced : 
quired rapid termination due to. hypot ension 
dines -current shock of 200 J was successu 











































were as follows: on 











in 18 patients the ventricular arrhythmia was poly- 
orphic VT. The importance of polymorphic VT was 
nde: ined by the recording of this arrhythmia during a 
cond episode of cardiac arrest that occurred in the 
ospital in a patient (32-year-old man) who had pre- 
-2 weeks earlier with a sudden cardiac arrest 
re 2, top). Both episodes were unheralded by pre- 
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tanding. Before the cardiac arrest the patient 
30 been free of cardiac symptoms. Prompt resus- 

on both occasions resulted in full recovery. 
c enzymes were not elevated and no arrhyth- 
la was recorded during 3 weeks of telemetry and 
days of Holter monitoring. Cardiac catheterization 
~~ showed a basal left ventricular outflow tract gradient 
of 100 mm Hg. Coronary angiography was normal. At 

ectrophysiologic study, polymorphic VT was induced 
-ata left ventricular site using 3 extrastimuli at S}, S3, 
-° S; and S4 intervals of 500, 260, 240 and 220 ms (Fig- 
< ure 2, bottom). Polymorphic VT was also the arrhyth- 
- mia induced during epicardial stimulation at the time of 
- operation. The first 5 patients with inducible sustained 
~ ventricular arrhythmia were treated with antiarrhyth- 
Be mic medications. Three of these patients died subse- 
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"VENTRICULAR ELECTRICAL INSTABILITY: “Twenty-one 
patients had an inducible sustained ventricular arrhyth- ‘Th | 
n ‘outflow tract obstruction. However, all 9 patients had ~ 


symptoms and had occurred while the patient atrial and distal conduction disease received a du: 
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other potential mechanisms for sudden cardiac arrest: 8- 
patients had an inducible sustained VT and 1 patient 
had abnormal His-Purkinje conduction and sinus paus 
that resulted in syncope. The 8 patients with inducib 
VT underwent septal myectomy and implantation ofa 
defibrillator device. The remaining patients with sino- 
















chamber permanent pacing device. After pacemaker 
implantation, the left ventricular outflow tract gradient 
was insignificant owing to echocardiographically dem- 
onstrated pacing-induced paradoxical septal motio 
Thus, this patient did not undergo septal myectomy. 

BRADYCARDIA: Although the sinus node was abnor- 
mal in about half of the patients, in only 3 patients did 
sinus bradycardia and pauses result in presyncope | 
syncope. In 2 of the 3 patients, symptomatic sinus node 
disease was associated with other mechanisms that 
could cause sudden cardiac arrest, but in 1 patient sinus — 
node disease was the only detected abnormality. Simi- 
larly, although the HV interval was prolonged in about 
one-fourth of the patients, block distal to the His bundle 
was induced in only 2 patients. All 5 patients received _ 
permanent pacemakers. 7 
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FIGURE 3. Twelve-lead electrocardiogram recorded during right atrial pacing at a rate of 145 beats/min showing marked (27 
pi on in sudden cardiac arrest survivor (DH) with nonobstructive hypertrophic cardiomyopathy and a 


MYOCARDIAL ISCHEMIA ASSOCIATED WITH HYPOTEN- 
SION: Five patients with nonobstructive HC had myocar- 
dial ischemia that was precipitated by modest increases — 
in heart. rates and associated with severe hypotension. ` 
Two of the 5 patients also had an inducible sustained _ 
VT. All 5 patients developed marked electrocardio- — 
graphic ischemic changes and profound hypotension in 
response to right atrial pacing at rates >130 beats/min 
(Figure 3). In 1 patient with frequent episodes of synco- i 
pe and cardiac arrest, Holter monitoring during a syn- 
copal episode showed a rapid narrow complex regular 
tachycardia that altered its morphology abruptly to a 
wide complex tachycardia and then degenerated into 
ventricular fibrillation. At the electrophysiologic study, 
atrial pacing at rates >120 beats/min induced profound -> 
hypotension and ST-segment depression, associated > 
with similar alteration in QRS morphology and marked. - 
increase in the HV interval (Figures 4 and 5). No ar 
rhythmias were induced by programmed ventricu. 
stimulation. We concluded that the rapid heart rate in 
duced severe myocardial ischemia and hypotension that _ 
resulted in aberrant conduction and ventricular fibrilla- 


ph Ak eee A pod on em oe mi por A A A pA id 


mapayna nnana nnna: 


B. 
ad d A A A A i. i al LAG Ae AL, AL A, al LAL, af ee AL M, f MANA 





aane 


AG 

À lable AAKAAAAAAAAY 
i EE AY aii uaii 
n mr uiii j ai Wi ‘i i | j 
A | 















































i Ales loth tion. All 5 patients had 2 to 10 mm of ST depression 
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he spread exercise-induced myocardial perfusion defects. 
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of the 5 patients had chest discomfort during ischemic ~ 
episodes. All 5 patients were treated with verapamil! 
and propranolol. Four patients also received the defibril- ae 
lator device. E 
SUPRAVENTRICULAR ARRHYTHMIA RESULTING IN SE 
VERE HYPOTENSION: Two Patient d d. parongernal and 
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le sustained VT. A sustained atrial tachycardia, result- 
ing in prompt and marked hypotension, was reproduc- 
ibly induced in 3 patients during atrial premature stim- 
ulation. In all 3 patients, the resulting hypotension prob- 
ably triggered the cardiac arrest. In 1 of the 3 patients 
the atrial tachycardia was also induced during pro- 
grammed ventricular stimulation (Figure 7). This pa- 
tient had frequent episodes of nonsustained VT during 

olter monitoring that may have induced the atrial 
tachycardia spontaneously. Despite the Holter findings, 
-programmed ventricular stimulation in this patient did 
not induce VT. Because the atrial tachycardia was not 
recorded during Holter monitoring but only induced by 
: programmed atrial stimulation, the arrhythmia was un- 
reated in the first patient who presented in this way. 
[he patient subsequently died suddenly. The remaining 
2 patients have been treated with procainamide (n = 1) 
and amiodarone (n = 1). A fourth patient had an in- 
t cible atrioventricular reentrant tachycardia due to a 
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-who were treated with procainamide (n = 


concealed posteroseptal accessory pathway associated 
with hypotension, which would occasionally degenerate 
into atrial fibrillation resulting in further hypotension, 
The arrhythmia was treated with catheter ablation of 
the accessory pathway. 

Long-term follow-up: Four sudden deaths have oc- 
curred (1, 2, 22 and 48 months after electrophysiologic 
study) during a mean follow-up period of 18 + 19 
months (maximum 75). Three of the 4 sudden deaths 
were in patients with inducible ventricular arrhythmias 
1) or amioda- 
rone (n = 2). The only electrophysiologic abnormality: 
detected in the remaining patient with nonobstructive 
HC was an inducible atrial tachycardia. Four of 18 pa- 
tients with defibrillators have received a total of 13 
shocks. At baseline evaluation, 2 of these patients had 
an inducible polymorphic VT, 1 patient had evidence of 


myocardial ischemia and an inducible polymorphic VT, 


and 1 patient had only myocardial ischemia. The shocks 
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F revious studies have shown that although VT de- 
ed by Holter monitoring identifies a group of HC 
tients at high risk for sudden death, this rhythm ab- 
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FIGURE 7. Induction of an atrial reentrant tachycardia during programmed 
t in a survivor of sudden cardiac arrest. LV = left ventricle; RVA = 













more, in all the remaining 9 patients without inducible 
sustained VT, other potential causes of cardiac arrest 
were identified. This latter finding has important impli- 
3 ons. First, it demonstrates the value of electrophysi- 
ogic study in identifying the patient at risk of sudden 
„cardiac arrest. Second, it shows that the causes of sud- 
X n ( cardiac arrest in HC are multiple, and that there- 
ore no single therapeutic approach could be effective. 
ird, it validates the use of our programmed stimula- 
Mn protocol (3 ventricular sites, 3 drive cycle lengths 
d 3 extrastimuli) as being both sensitive and specific. 
or example, a less aggressive stimulation protocol (<2 
-xtrastimuli) identified substantially fewer sudden car- 
liac arrest patients who had an inducible sustained VT 
“with the more aggressive stimulation protocol; thus, 
whereas only 1 of the 21 patients who had no other 
potential cause of sudden cardiac arrest developed in- 
cible sustained VT with 2 extrastimuli, all 19 patients 
leveloped inducible VT with the more aggressive proto- 
C . The fact that the specificity of VT induced by this 
1 aggressive stimulation protocol is not importantly 
dortpromised i is suggested by the finding that there are 
-patients with sudden cardiac arrest who are not induci- 
dle \ with this protocol, and each of these noninducible 
yatients had another potential cause for sudden cardiac 
arrest. In addition, in the patient in whom we were for- 
-< -tunate to obtain electrocardiographic recordings of VT 
_.. during an episode of cardiac arrest, the arrhythmia was 
-> induced in the electrophysiology laboratory only from a 
_ left ventricular site using 3 extrastimuli. The ventricular 
arrhythmia most frequently induced in the survivors of 
“cardiac arrest was sustained polymorphic VT. This ar- 
rhythmia was induced in 18 of the 21 patients (86%) 
-= with inducible ventricular arrhythmia. Monomorphic 
-VT was induced in only 2 patients. We have reported on 
the signifi cant association between inducibility of sus- 
ned polymorphic VT and a history of sudden cardiac 
: or syncope in patients with HC.!° This arrhyth- 
n this group of patients is induced with a stimula- 
ion protocol that is significantly less aggressive than 
t used in patients without an inducible ventricular 
rrhythmia.!°'4 Furthermore, only about 10% of 
mptomatic patients have a sustained ventricular ar- 
hmia induced by our stimulation protocol.!° The 
nical relevance of polymorphic VT is further under- 
by. the recording of this arrhythmia during the 1 
rdiac ; arrest we witnessed (Figure 2A), This particu- 
‘patient did not have any VT despite extensive Holter 


































































was “induced by programmed stimulation. Further- . instability, a a 


was the most frequent finding, present in about two- 
thirds of patients. In the remaining patients, several oth- 
er potential causes of cardiac arrest were identified. 
These included severe left ventricular outflow tract ob- 
struction, myocardial ischemia, sinus node disease, dis- 
tal conduction disease and atrial arrhythmias. These re- 
sults indicate that it is only after the specific cause of 























sessment that an effective strategy for the management 
of sudden cardiac arrest can be devised. 
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ASEE SER and color Doppler echocardiogra- 
phy accurately detected the presence of an atrial 
septal defect (ASD) in 47 of 50 adults (mean age 
40 years) confirmed by surgery or cardiac cathe- 
terization, or both. It correctly categorized all pa- 
tients with ostium secundum and ostium primum 
ASD but misdiagnosed 3 of 5 patients with surgi- 
cally proven sinus venosus ASD. The shunt flow 
volume across the ASD was calculated with the 
standard Doppler equation, and assuming the ASD 
to be circular correlated with shunt flow volume 
obtained by cardiac catheterization (r = 0.74). 

The maximum width of the color flow signals mov- 
ing across the ASD was taken as its diameter. 
Mean flow velocity was determined either by plac- 
ing a pulsed Doppler sample volume parallel to the 
flow across the ASD as visualized by color Doppler 
or by color M-mode examination, which allowed de- 
termination of flow velocities using a previously val- 
idated method that incorporates a computer analy- 
sis of pixel color intensity. The pulmonary to sys- 
temic blood flow ratio obtained by color-guided 
conventional Doppler interrogation of the left and 
right ventricular outflow tracts correlated poorly 
with cardiac catheterization results (r = 0.38). In 
patients with associated tricuspid regurgitation, 
the peak systolic pulmonary artery pressure ob- 
tained by color Doppler-guided continuous-wave 
Doppler correlated well with that obtained at cardi- 
ac catheterization (r = 0.89). The maximum color 
Doppler jet width of the flow across the ASD poorly 
‘correlated with ASD size estimated at surgery (r = 
0.50). 
: (Am J Cardiol 1991;67:288--294) 
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dimensional echocardiography, but false echo 

“drop-outs” mimicking an atrial septal defect & 
(ASD) are frequently seen in various imaging planes __ 
and reduce the specificity of the technique, especially in 
adults.'-> The conventional pulsed and continuous-wave 
Doppler technique has been used in the quantification 
of pulmonary to systemic blood flow ratios, but the re- _ 
sults have been conflicting, with some investigators — 
demonstrating good correlation with cardiac catheter- > 
ization and others finding large discrepancies. ë The = 
relatively recently developed technique of color Doppler 
flow mapping has also been used in the assessment of — ~ 
ASD.*"!! To date, no large scale studies have been re- 
ported demonstrating the usefulness of imaging and 
Doppler modalities in the assessment of ASD, especially E 
in adults in whom the potential for misdiagnosis. is- 
greater than in children who have larger acoustic win- = 
dows. The present study evaluates the uses and limita- 
tions of combined 2-dimensional and conventional and = 
color Doppler echocardiographic modalities in detecting 
and categorizing the site of ASD and in quantifying : 
shunt volume in 50 adults. co. 


A trial septal defects have been visualized by 2e. a 
















METHODS 
Echocardiography: Fifty adults (18 men and 32 ; 
women, whose ages ranged from 16 to 76 years [mean 
40]) with ASD documented by cardiac catheterization, © 
angiography or surgery, or a combination of these, _ 
formed the basis of this study. This group represented _ 
all patients with ASD studied by 2-dimensional and 
conventional and color Doppler echocardiography ate. 
our institution who underwent cardiac catheterization 
(45 patients) or surgery (42 patients). Four patients had ` 
associated pulmonary valve stenosis with peak right ven- 
tricular systolic pressures of 47, 69, 85 and 109 mm Hg. 
All these patients underwent color Doppler examina- 
tions using either an Aloka, Toshiba, Hewlett-Packard _ 
or Advanced Technology Laboratories color flow map-  — 
ping system. A 2.5-MHz transducer frequency, a frame > 
rate between 15 to 30 frames/s and a pulse repetition 
frequency varying between 4 and 8 KHz, depending on 
the examination depth, were used. An attempt was `- 
rae fe examine all the damian using | the. felt precordi "i 


















atrial ene was soled in multipl 


bserved by color Doppler, moving from the left atrium 
into the right atrium through an area of discontinuity in 
the interatrial septum or through an apparently intact 
_. interatrial septum.’ The ASD was classified as being 
~ ` ostium secundum, sinus venosus or ostium primum if it 
~~ was located in the middle of atrial septum, superiorly in 
- the region of the entrance of the superior vena cava into 
- the right atrium, or in the basal portion of the atrial 
`= Septum near the attachment of the atrioventricular 
-< . valves, respectively (Figure 1).5 
-> Size of atrial septal defect: The ASD size was deter- 
mined by noting the maximum width of color flow sig- 
nals across the defect taking into account various 2-di- 
mensional echocardiographic planes (Figure 1). 
Ratio of pulmonary to systemic blood flow: The ra- 
tio of pulmonary to systemic blood flow was calculated 
using the standard Doppler equation to calculate flow 
separately across the left and right ventricular outflow 
“tracts, respectively: flow volume across left or right ven- 
-tricular outflow tract (ml/min) = area of left or right 
ventricular outflow tract (cm?) X mean velocity of flow 
across it (cm/second) X flow duration (seconds) X 
heart rate (beats/min). Left and right ventricular out- 
flow tract areas were estimated by determining the 
maximum inner width immediately below the level of 
= aortic and pulmonary valves in the parasternal long- 
< and short-axis views, respectively, and by assuming both 
to be circular. These data were available in 26 of 45 
+ patients who underwent cardiac catheterization. Mean 
. velocities and flow durations in 20 of 26 patients were 
determined from pulsed Doppler spectral traces. These 
traces were generated by placing the pulsed Doppler 


















ge an atrial Sepen eet 


ws by 2- sample volume in the flow area with the highes Vi 
nensional echocardiography or if flow signals were 


URE 1. A and B, transthoracic acie echocardiography in atrial septal defect. Various transthoracic echocardiographie planes 
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ties as shown by the brightest color intensity levels 
played with color flow mapping both in the left and 
right ventricular outflow tracts (immediately below the 
semilunar valves), and imaged using the apical 5-cham- 
ber and parasternal short-axis views, respectively. A 
previously validated method analyzing the pixel color 
intensities was used to determine the mean velocities 
from color M-mode results in the remaining 6 patients 
because pulsed Doppler-derived velocities of left or right 
ventricular outflow tracts, or both, were not available to 
perform this analysis.'3-'4 Pulmonary to systemic blood 
flow ratio could not be calculated in the remaining 19 - 
patients as neither pulsed Doppler nor color M-mode — 
examinations of left or right ventricular outflow tract, 

or both, were performed. 

Shunt flow volume across atrial septal defect (Fig- l 
ure 2): The shunt flow volume across the ASD was 
quantitated in 24 of 45 patients who underwent cardiac 
catheterization using the standard Doppler method for © 
calculating volume flow. ASD was assumed to be circu- 
lar in configuration and the maximum width of the col- 
or flow signals moving across the defect was considered 
to represent the diameter of ASD: net shunt flow vol- 
ume across ASD (ml/min) = area of ASD (cm?) X 
mean flow velocity (cm/second) X total flow duration 
(seconds) X heart rate (beats/min). Shunt volume in 
ml/min was converted to liters/min by dividing it by 
1,000. 

Since this echocardiographic method only evaluates 
the shunt through ASD, it will not take into consider- 
ation additional shunting into the right atrium through © 
another site. Thus, the echocardiographic data from pa- 
tients with partial anomalous pulmonary veins were ex- 









































cluded from comparison with cardiac catheterization re- 
sults, even though the shunt across the ASD could be 
calculated in them. In the remaining patients, shunt vol- 
ume was not calculated because pulsed Doppler or color 
M-mode examination of the flow across the ASD was 
not performed. When the flow across the ASD was 
clearly identified using the right parasternal or subcos- 
tal imaging plane, the pulsed Doppler or the M-mode 
cursor was placed parallel to the shunt flow. Color 
Doppler was used to help guide the placement of the 
pulsed Doppler sample volume or the color M-mode 
cursor in the area of the brightest or aliased color flow 
signals to obtain the maximum velocity of the flow 
across the ASD. Recording speeds of 50 to 100 mm/s 
were used. The mean velocity of the flow across the 
ASD, over 1 cardiac cycle, was measured either on line 
or off line with a Nova Micro Systems, Inc. cardi- 
ac analysis system. For velocity measurements, pulsed 
Doppler was used in 17 and color M-mode!*:'* in the 
remaining 7 patients in whom pulsed Doppler interroga- 
tion of ASD flow was not performed. Minimal right to 
left shunt was not taken into consideration for calcula- 
tion of shunt volume. A second independent observer 
performed all the measurements necessary for the cal- 
culation of shunt volume by 2-dimensional echocardiog- 
raphy and color Doppler. 

Peak pulmonary artery systolic pressures: Tricus- 
pid regurgitation, in the absence of pulmonary valve 
stenosis, was found by color Doppler to be present in 


26 of 45 patients who underwent cardiac catheteriza- 
tion. Continuous-wave Doppler examinations were per- 
formed in these patients, but in only 18 of 26 patients, 
satisfactory traces were generated allowing peak systolic 
pulmonary arterial pressures to be calculated. These ex- 
aminations were performed by placing the continuous- 
wave Doppler cursor parallel to the color flow signals 
representing tricuspid regurgitation and minimally ad- 
justing the transducer to obtain peak velocities.! The 
peak pressure gradient across the tricuspid valve was 
calculated using the simplified Bernoulli equation. The 
peak pulmonary artery systolic pressure was obtained 
by adding an assumed right atrial pressure of 10 mm 
Hg to the pressure gradient calculated using the simpli- 
fied Bernoulli equation.'>-!° 

All the echocardiographic findings were correlated 
with equivalent surgical and catheterization and angio- 
graphic data using standard statistical methods. 

Cardiac catheterization: In all 45 patients who un- 
derwent cardiac catheterization, pressure and oximetry 
measurements were obtained at various sites in the left 
and right heart. The pulmonary artery systolic pressure 
was <50 mm Hg in 39 of 45 patients and was 65, 70, 
75, 75, 88 and 95 mm Hg, respectively, in the remain- 
ing 6 patients. In 28 of 45 patients, <15 days elapsed 
between the performance of cardiac catheterization and 
the color Doppler examination, and in 10 of 45 patients, 
between 15 days and 3 months elapsed between these 
examinations. For the remaining 7 patients, >3 months 
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FIGURE 2. Left, estimation of shunt flow volume across an atrial septal defect (ASD) by 2-dimensional and color Doppler-guided 
pulsed Doppler echocardiography. The area of the defect was calculated by assuming its shape to be circular and taking the 
maximum color Doppler jet width at the defect site as the diameter (cm). The shunt flow volume (Qp-Qs, liters/minute, 1/m) 
across the ASD was calculated as the product of the area of ASD (cm?), mean flow velocity across the ASD (V cm/seconds, s), 
duration of blood flow across the ASD (T seconds, s) and the heart rate (HR) and dividing this by 1,000. The maximum color 
Doppler jet width at the site of the defect in the patient shown here was found to be 1.7 cm. Therefore, the area of the defect 
was estimated as 3.14 x (1.7/2). The pulsed Doppler sample volume (SV) was placed at the defect site in the area of the 
brightest color signals and parallel to the flow direction to obtain a mean velocity (V) of 48 cm/s. The flow duration (T) was 0.71 
second and the heart rate 78 beats/min. The Qp-Qs was calculated as the product of the area of the defect, mean velocity, dura- 
tion of flow, heart rate and dividing this by 1,000: 3.14 x (1.7/2)? x 48 x 0.71 x 78/1,000 = 6.03 liters/min. Right, estima- 
tion of shunt flow volume across an atrial septal defect (ASD) using color M-mode. In this case, the mean flow velocity across 
the ASD (V cm/second, s) was calculated by a computer using the color Doppler calibration bar and color intensity of the flow 
signals moving across the ASD. On the color Doppler calibration bar, the maximum color intensity (either red or blue), corre- 


sponds to the Nyquist limit and the velocity of M-mode color flow signals can thus 


be obtained by comparing their color intensity 


with respect to the color bar. The ASD shunt flow volume (Qp-Qs liters/minute, l/m) was then calculated as in the /eft figure. 
ECG = electrocardiogram; IAS = interatrial septum; LA = left atrium; LV = left ventricle; RA = right atrium; RV = right ven- 


tricle. 
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4 ion n of a contrast ‘agent 4 into nthe main sar 
ry and |/or the right upper pulmonary vein in the an- 
roposterior, lateral and left anterior oblique views to 
rmine the type of ASD and pulmonary venous con- 
“col Thirty-seven of these 45 patients underwent 


i Surgery: The surgeon noted the location and thus 
the type of ASD in each of the 42 patients who under- 
went surgery. In 24 of 42 patients, the surgeon also esti- 
mated the maximum size of ASD. 


ji siónal and color Dooe e eS cor- 
diagnosed the Peng al ASD in 40 of ar P 


: patients with ostium primum ASD. It eas diag- 
-nosed 2 of 5 patients with sinus venosus ASD, misdiag- 
-nosed 1 as having ostium secundum ASD and another 2 
“as having no ASD. The sensitivity and specificity of 2- 
dimensional and color Doppler echocardiography i in the 
dia iagnosis of ostium secundum, ostium primum and si- 
s venosus ASD were 100 and 91%, 100 and 100%, 

d 40 and 100%, respectively. Two patients with a se- 
ndum ASD did not show a defect in the atrial septum 
using 2-dimensional echocardiography, but color flow 
ignals were displayed moving from the left atrium into 
right atrium through an apparently intact septum 
ring the color Doppler examination. Both of these pa- 
ients had previous surgery for ASD repair, but they 
vere found during the current surgery to have a rela- 
small ASD resulting from a leak around the sur- 
atch. In 2 other patients, also with secundum 
consistent defect was observed in the atrial sep- 

by 2-dimensional echocardiography, but no color 


tat on ad one 
Se an Sane Ce Se Se 


aa 


raph (ECHO) compared with sur- 
(SURG). Asterisks indi- 
Values. 


tat 


My 


Sead 


ler eat, failed t to Goan paitial. anor 
lous pulmonary venous connections noted at surgery 1 
3 of 5 patients with sinus venosus ASD. = 

Cardiac catheterization-angiocardiography correc 
ly diagnosed the presence of ASD in all 37 patient 
(100%) who underwent both catheterization and sur- 
gery. It correctly diagnosed 24 of 26 patients with osti- 
um secundum ASD, misdiagnosed 2 as ostium primum. 
and misdiagnosed 1 as sinus venosus ASD. It correctly 
diagnosed 5 of 6 patients with ostium primum ASD and 
misdiagnosed 1 as ostium secundum ASD. It correctly. 
diagnosed 4 of 5 patients with sinus venosus ASD and 
misdiagnosed 1 as ostium secundum. The sensitivity and 
specifi icity of cardiac catheterization-angiocardiography 
in diagnosing ostium secundum, ostium primum and si- 
nus venosus ASD were 96 and 81%, 83 and 96%, and 80. 
and 97%, respectively. Partial anomalous pulmonary ve- 
nous drainage, noted at surgery in 3 of 5 patients with 
sinus venosus ASD, was correctly diagnosed by cathe- 
terization-angiocardiography. ; 

Size of atrial septal defect (Figure 3): No correla- 
tion was found between the maximum size of ASD 
measured by color Doppler and surgical estimation of 
ASD size in the 24 patients (r = 0.50) in whom both 
measurements were available. No correlation was also 
found between the maximum ASD size by color Dopp- 
ler and shunt volume (r = 0.50) or pulmonary to sys-. 
temic blood flow ratio (r = 0.52) by cardiac catheter- 
ization. 

Pulmonary to systemic blood flow ratio (Figure 4): 
No correlation (r = 0.38) was found between the pul-. 
monary to systemic blood flow ratios calculated by 
echocardiography and cardiac catheterization. , 

Shunt flow volume across atrial septal defect (Fig- 
ure 5): A correlation coefficient of 0.74 was found com- 
paring the shunt volumes by echocardiography and car- 
diac catheterization. | 

No statistically significant interobserver variability ; 
was noted when the shunt volumes by echocardiography 
were independently calculated by the second observer: 
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ge “with | sinus venosus “ASD. On the other hand, 
diac catheterization and angiography detected all 
ts with ASD, but misclassified the type of ASD in 
+ patients (2 ostium secundum, 1 ostium primum and | 
inus venosus). All associated anomalous pulmonary 
s were also correctly identified by cardiac catheter- 
n and angiography. Thus, except for sinus venosus 
D and associated anomalous pulmonary venous con- 
nections, the accuracy of 2-dimensional and color Dopp- 
r echocardiography was comparable to that of cardiac 
-Catheterization and angiography i in detecting and classi- 
s fying ASD. 
=> We also found color Doppler to be more accurate 
_ than 2-dimensional echocardiography i in detecting rela- 
È tively small leaks occurring around a previously re- 
_ paired ASD. On the other hand, 2-dimensional echocar- 
diography was found to be more accurate than color 
_ Doppler in the diagnosis of ASD associated with severe 
_. pulmonary valve stenosis. No color flow signals were 
= observed moving through the ASD in these patients, 
although the ASD was consistently visualized by 2- 
_ dimensional echocardiographic imaging. The elevated 
right heart pressures would be expected to diminish 
both the volume and the velocity of the shunt flow 
which may have resulted in color Doppler not being 
able to display the flow through the ASD. Thus, 2-di- 
-mensional echocardiography and color Doppler were 
-found to be complementary to each other in the diagno- 
~~ sis of relatively small ASDs and those complicated by 
i severe right ventricular hypertension. 
= in the present study, the pulmonary to systemic 
. -Blood flow ratio determined using echocardiography 
and cardiac catheterization showed a poor correlation (r 
_ = 0.38) even though the pulsed Doppler sample volume 
: was guided by color Doppler. In previous studies, Ste- 
venson et al* and Dittman et al? did not find good corre- 
ms between the Doppler and the cardiac catheter- 
on estimation of this ratio when the shunts were 
e specially when the ratios were >2:1. The mean 
w ratio in our patients was also large (2.8:1). The 
or correlation found by us may also have resulted 
m the several sources of errors that exist in determin- 
y this ratio by Doppler and 2-dimensional echocardi- 
phy. 

















































3 lowever, in our audy. the shunt volume determined 
ing 2-dimensional and color-guided conventional 
Doppler echocardiography correlated fairly well with 
t lues determined from cardiac catheterization (r = 
o calculations of the shunt volume have been 
ed using pulsed Doppler interrogation of the col- 
er signals moving through the ASD. However, 
color Doppler parameters, such as the ASD jet 
the right atrium, have been shown to correlate 


human subjects,>!! A. significant limitation 
dies i is the seu in a rereana tng the 





Ps volume and shunt flow ratio both experimen- tion of severity of patent ductus arteriosus, ventricular spal defect: en atria 
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or Doppler flow signals ON a the level of the defect 
where the chances of contamination from flow signals. 
from other sources are minimal. Although in our pa- 
tients, the shunt volume obtained by 2-dimensional and 
color Doppler echocardiography correlated fairly well. 
with that obtained by cardiac catheterization, there are 
several limitations to this. A potential limitation of our 
method is the assumption that the cross-sectional area ` 
of an ASD is circular. Also, a small error in the mea- 
surement of the color Doppler jet width across the ASD 
could cause larger errors in the area measurements and, 
thus, significantly affect the values calculated for shunt 
volume. There are also significant limitations in calcu- 
lating the pulmonary to systemic blood flow ratio and 
shunt volume by cardiac catheterization.!7!?-?? 

In the present study, color Doppler-guided continu- 
ous-wave Doppler estimation of systolic pulmonary ar- 
tery pressures correlated well with cardiac catheteriza- 
tion findings, and thus this noninvasive method may be 
of potential value in identifying patients with severe pul- 
monary hypertension that would be a contraindication 
for surgery. 

In our patients, the size of the ASD measured dur- 
ing the color Doppler examination did not correlate well . 
with the surgical estimate. The surgeons systematically 
estimated the defect to be larger than the echocardio- 
graphic measurement. During cardioplegia, the heart 
loses its tone and becomes flaccid and this may result in - 
some overestimation of defect size at surgery. In con- 
trast, in the presence of right ventricular hypertension, 
transdefect flow velocity may be so low that it may not 
be detected by color Doppler, resulting in underestima- 
tion of ASD size. Unlike the previous study by Pollick 
et al,'' the maximum ASD jet width by color Doppler 
did not correlate well with pulmonary to systemic blood _ 
flow ratio or shunt volume by cardiac catheterization in 
our patients. 
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mision was present in 50% of 196 blacks 

36% of 382 whites (p <0.001). A prospec- 

dy of 84 elderly blacks (70% women) and 
ly whites (73% women) with hyperten- 


f ce of congestive heart aly (CHF), core 
: vents and ori LVhypertonhy infarction 


nd E ABI incklence v was 38% in 
. id 21% in whites (p <0.008). Paar lo- 


ir, ABI (p = nt rsk ta hoca ait 
rophy (p = 0.001) and electrocardio- 


w Hospital for Chronic Sick, Bronx, New York, the 
Medicine, Epidemiology and Social Medicine, and 
bert eer perma of ee Sade sy el York, 


for congestive heart failure (CHF), coronary ar- 

tery disease and atherothrombotic brain infarc- 
tion (ABI). Hypertension is more prevalent among 
black than among white Americans.!* Black Americans 
have the highest risk for hypertension-related morbidity 
and mortality.** Black hypertensives have a higher 
prevalence of left ventricular (LV) hypertrophy and a 
higher incidence of stroke and CHF than white hyper- — 


S ystemic hypertension i is an independent risk factor — 


 tensives.? Mortality from stroke causes a larger percent- 


age of deaths from cardiovascular disease among blacks _ 
than among whites.** Black hypertensives in the Hyper- . 
tension Detection Follow-Up Program had a higher — 
prevalence of electrocardiographic LV hypertrophy, a- 
higher incidence of stroke, and a higher mortality rate 
for all causes than white hypertensives.>- = 
Patients with electrocardiographic’-? or echocardio-. 
graphic’-'> LV hypertrophy have an increased incidence _ 
of cardiovascular morbidity and mortality. At similar 
blood pressure levels, the prevalence of echocardio- 
graphic LV hypertrophy diagnosed by increased LV 
mass was 2 times greater and the prevalence diagnosed | 
by increased relative wall thickness was 3 times greater 
in hypertensive blacks than in hypertensive whites.!© We — 
report data from a prospective study correlating electro- 
cardiographic and echocardiographic LV hypertrophy _ 
with the incidences or frequencies of CHF, new coro- 
nary events, and new ABI in elderly blacks and whites : 
with systemic hypertension. oe 


METHODS 

Of 1,322 patients >62 years of age in a long-term 
health care facility, 1,072 (81%) were white, 196 (15%) 
were black, 50 (4%) were Hispanic and 4 (<1%) were 
Asian. A systolic blood pressure of 2160 mm Hg on 3 
occasions was considered systolic hypertension.? A dia- 
stolic blood pressure of =90 mm Hg on 3 occasions \ 
considered diastolic hypertension.” Patients with hy 
tension had systolic or diastolic hypertension at the o 


set of the pars or were receiving. antihypertensive 





p Value 


98/196 
60/84 


382/1.072 
183/326 


(36) 
(56) 


Hypertension 
Echocardiographic 
= LV hypertrophy in 
- patients with 
— hypertension 
Electrocardiographic 
LY hypertrophy in 
patients with 
hypertension 
Concentric LV 
hypertrophy in 
patients with 
i hypertension 
f Eccentric LV 
hypertrophy in 
patients with 
hypertension 


(15) 
129/326 


54/326 G7) 


NS = not significant. 


tension were treated during the study. No patients were 
excluded for reasons other than age. 

= M-mode and 2-dimensional echocardiograms and 
-electrocardiograms were obtained as previously de- 
scribed,*:!? prospectively at study entry in the 98 blacks, 
82 whites, 17 Hispanics and 2 Asians with hyperten- 
ion. Technically adequate M-mode or 2-dimensional 
chocardiograms for measuring LV transverse dimen- 
ion, posterior wall thickness, and interventricular septal 
hickness at end diastole, using the Penn convention!” to 
“determine LV mass and American Society for Echocar- 
diography criteria! to calculate relative wall thick- 
“ness,!® were obtained in 84 of 98 blacks (86%), 326 of 
382 whites (85%), 14 of 17 Hispanics (82%) and 2 of 2 
- Asians (100%). 

< Measurements were obtained from the 2-dimension- 
al study in 54% of patients. The formula'’”° to deter- 
“mine LV mass was LV mass (g) = 1.04 [(LV diastolic 
dimension + posterior wall thickness + interventricular 
septal thickness during diastole)’ — (LV diastolic di- 
-mension)?] — 13.6. LV hypertrophy was diagnosed if 
“the LV mass exceeded 110 g/m? in women and 134 g/ 
„m? in men.” The formula!’ to determine relative wall 
thickness was relative wall thickness = 2 X posterior 
- wall thickness/LV internal diastolic dimension. Concen- 
-tric LV hypertrophy was diagnosed if the patient had 
-increased LV mass index plus a relative wall thickness 
20.45.!9 Eccentric LV hypertrophy was diagnosed if 
-the patient had increased LV mass index and a relative 
“wall thickness <0.45.!° 

-Electrocardiograms were interpreted by a cardiolo- 
st. (WSA) before interpretation of the echocardio- 
ams. Electrocardiographic LV hypertrophy was diag- 


Maile sex 

Fernale sex 

Age (yr) 

Follow-up emos) 

Cigarette smoking 

Diabetes rmetiitus 

Obesity 

Serum total cholesterol 
(mg/dly 

Serum HDL cholesterol (mg/dl) 

Serum total cholesterol /HDL 
cholesterol 

Serurn triglycerides (mg/dl) 

Prior CHF 


25 (30%) 
59 (70%) 
7829 
37418 
6 (7%) 
25 (30%) 
11 (13%) 


217456 215447 NS 


47415 
5.1420 


143484. <0.02. 
47(14%) NS. 
Prior coronary artery disease 45(54%)  163(50%). NS = 
Prior ABI 47 (56%) 101 (31%) -LOO 


ABI = atherothrombotic brain infarction; CHF = congestive heart faire: : HOt = = 
high-density lipoprotein, NS = not significant. i 


121 +65 
12 (14%) 


the fasting venous plasma glucose levels were - 

mg / di cn 2 occasions. The weight and height. of ea 
patient were correlated with the average height-weig 
table for persons aged 65 to 94 years.” The patient was 
considered obese if he or she was 220% above ide 
body weight. Blood was drawn after a 14-hour over. 
night fast for determination of serum total cholesterol. 
high-density lipoprotein cholesterol and triglycerid by 
Smith Kline Clinical Laboratories, Inc. 

CHF was diagnosed if 2 criteria were satisf 
pulmonary basilar rales were heard by 2 physici 
cluding a cardiologist, and (2) pulmonary vascu 
gestion was present on the chest x-rays interpr 
both an experienced radiologist and cardiologist. Nes 
coronary events were diagnosed if the patient developed = 
myocardial infarction, primary ventricular fibrillation, | 


or sudden cardiac death. Myocardial infarction was _ 


documented as pa, described. #9 Sudden ah i 


ble 1 New ABI was rare by a neurologist 
viously described.!* ee 
For analyses comparing 2 ane chisqu re test: 


regression to determine which gombal of p prognos 
tic variables was most suitable for predicting corona 
events. Multiple logistic regressions were also. perform 
for a and ABI. The eee variables i inco "po 


e point score: of one = Estes. was =." oP. 





men ma meeen 
(n = 326) 


(%) 


ve heart failure 


32 


IV incidences of Congestive Heart Failure, Coronary 
nd Atherothrombotic Brain Infarction in Elderly 

; With Hypertension and With and Without 

ardiographic Left Ventricular (LV) Hypertrophy 


LV = Nolv - 
Hypertrophy Hypertrophy 
(n = 60) (n = 24) 


No.  (%) No. (%)_ 


5 ne heart failure 


E V incidences of Congestive Heart Failure; Coronary 
ts and Atherothrombotic Brain Infarction in Elderly 

With Hypertension and With and Without 

ardiographic Left Ventricular (LV) Hypertrophy 


LV NoLV 

Hypertrophy Hypertrophy | 

(n=183) (n= 143) 
: No. (%) No. (%) p Value 
e heart failure 96 22 (15) 


eV 36 (25) 
ombotic brain 55 13 (9) 


mary artery disease and ABI. Follow-up was 
onths. No patients were lost to follow-up. 


use of the small number of Hispanics and 
udied, data from these 2 groups are not pre- 
ble I lists the prevalence of hypertension in 
cks and whites and the prevalence of echocar- 
LV hypertrophy, electrocardiographic LV 


Shy, concentric LV hypertrophy and eccentric 


phy in blacks and whites with hypertension. 


ts the prevalence of male sex, female sex, 


moking, diabetes mellitus, obesity, and prior 
ary artery disease and ABI, as well as the 
ollow-up, serum total cholesterol, serum 
lipo rotein cholesterol, serum total. choles- 


ipoprotein cholesterol and serum tri- 


T ~ | aina hel LV z me 
Eye OpDy Hypertrophy 


No. (%) No. (%) pValue” 
Congestive heart failure 8 (477 26 (36) 0.394 : 
Coronary events 3 (76) (51) 0.056 


Atherothrombotic brain 10 (59) 7 (33)  <0.05 
infarction 


TABLE vii incidences of Congestive Heart Failure, Coronary - 
_ Events and Atherothrombotic Brain Infarction in Elderly 

Whites With Hypertension and With and Without 

ia ca Left Ventricular (LV) Hypertrophy 


LV No LV 


Hypertrophy Hypertrophy 
{n = 48) {n = 278) 


No. (%) : (%) 


Congestive heart failure 25 
= Coronary events = 31. 
Atherothrombotic brain 17 
infarction 


TABLE Vill incidences of Congestive Heart Failure, 


_ Coronary Events and Atherothrombotic Brain Infarction in 


Elderly Blacks with Hypertension and Concentric and 
Eccentric Left Ventricular (LV) Hypertrophy 


Concentric LV Eccentric LV 
Hypertrophy Hypertrophy 
(n= 50) (n= 10) 


No. é ; p Value 


Congestive heart failure 26 

Coronary events 37 

Atherothrombotic brain 24 
infarction 


Table IV lists the incidences of CHF, coronary events l 
and ABI i in Daa with Aaa and with and 


diographic LV hypertrophy. Table VI lists the inci- 
dences of CHF, coronary events and ABI in blacks with 
hypertension and with and without electrocardiographic . 
LV hypertrophy. Table VII lists the incidences of CHF 
coronary events and ABI in whites with hypertension 
and with and without electrocardiographic LV hyper. 
trophy. Table VIII lists the incidences of CHF, œ 
nary events and ABI in blacks with hypertensio 
concentric and eccentric LV ' hypertrophy. Tabl 2D 


the incidences: of CHF, o 


: Te ont whites with hyperten- s whit 





| Concentric LV Eccentric LV 
Hypertrophy Hypertrophy 
(n = 129) (n = 54) 


No. (%) ; (%) 
ongestive heart failure 
oronary events 


therothrombotic brain 39 
infarction 


“TABLE X Prognostic Variables for Congestive Heart Failure 
_and Their Regression Coefficients in the Final Multiple Logistic 
Regression Model 


Regression Standard Odds 
Coefficient Error pValue Ratio 
“Prior congestive heart 3. 0.6210 
< failure 
: Concentric LV 0.3616 
hypertrophy 
Echocardiographic LV : 0.3973 
~ hypertrophy 
-| Serum total cholesterol 004. 0.0032 
- Serum high-density ; 0.0108 
lipoprotein 
_ cholesterol 
_ Serum triglycerides 0.0021 
` Prior atherothrombotic l 0.2735 
- brain infarction 
0.4906 
Prior coronary artery 234, 0.2589 


0.2884 
z ; 0.0184 
. Electrocardiographic LV 027 0.3447 
. hypertrophy 
: Diabetes mellitus 0.3010 
z 0.4691 
1.7110 


Race = 0 if black and | if white: sex = O if male and 1 if female. 
LV = jeft ventricular. 


nary events (Table XI) and ABI (Table XII). Odds ra- 
tios, 95% confidence limits, for echocardiographic LV 
hypertrophy are 2.57 (1.18 to 5.60) for CHF, 3.21-(1.67 
to 6. a for coronary events and 4.17 (1.91 to 9.13) for 


` Coronary artery disease prevalence and mortality 
ites are similar in black and white men and higher in 
black women than in white women.” Long-term surviv- 
of blacks with angiographically documented coronary 
ery disease is lower in blacks than in whites.” LV 
ntiophy « and decreased diastolic function associated 


sion con ntribute to this e excess mortality. 5 : i: 


i Regression Model 


Variable Coefficient 


Echocardiographic LV 
hypertrophy 

Serum total cholesterol 

Concentric LV 
hypertrophy 

Prior coronary artery 
disease 

Age 

Cigarette smoking 

Prior congestive heart 
failure: 

Sex 

Diabetes mellitus 

Serum high-density 
lipoprotein 
cholesterol 

Prior atħerothrombotic 
brain infarction 

Obesity 

Serum triglycerides 

Electrocardiographic LV 
hypertrophy 

Race 

Constant 


Roe 


` Standa 


Race = 0 if black and 1 if white; sex = O if male and 1 if fernale. 


LV = ieft ventricular. 


TABLE XH Prognostic Variables for Atherothrombotic B 
Infarction and Their Regression Coefficients in the F inal | 


Multiple Logistic Regression Model 


Regression 
Variable Coefficient 


Prior atherothrombotic 
brain infarction 

Echocardiographic LV 
hypertrophy 

Electrocardiographic LV 
hypertrophy 

Prior coronary artery 
disease 

Age 

Race 

Diabetes mellitus 

Serum total cholesterol 

Cigarette smoking 

Sex. 

Serum high-density 
lipoprotein 
cholesterol 

Prior congestive 
heart failure 

Serum triglycerides 

Obesity 

Concentric LV 
hypertrophy 

Constant. 


Standard 
Error 





ke than white men.” Black women are 

ly to die of stroke than white women.28 

t al! demonstrated at 4.8-year follow-up of 

th uncomplicated hypertension that echocardio- 

c LV hypertrophy was the most important inde- 
ident risk factor for future cardiovascular events. 
st al!! showed at 4-year follow-up that echocardio- 

¢ LV hypertrophy was an independent risk factor 
lew coronary events in elderly men and women in 
amingham study. Levy et al!> also showed at 4- 
ollow-up in men and in women 240 years of age 
Framingham study that echocardiographic LV 
tophy was an independent risk factor for inci- 

e of cardiovascular disease, mortality from cardio- 
cular disease and mortality from all causes. Cooper 
14 demonstrated in a predominantly black popula- 


with coronary artery disease and a high prevalence 
ertension and LV hypertrophy that echocardio- 
LV hypertrophy was a prognostic factor inde- 
-of LV ejection fraction and obstructive coro- 
rtery disease. Echocardiographic measures of LV 
rophy were the most important predictors of sur- 


Our study of elderly patients showed a higher preva- 

of hypertension in blacks than in whites and a 

prevalence of echocardiographic LV hypertrophy 

mcentric LV hypertrophy in hypertensive blacks 

in hypertensive whites. Our hypertensive blacks 

ounger than our hypertensive whites. Other coro- 

risk factors were similar, except for higher mean 

riglycerides in whites. Follow-up was shorter in 

blacks (37 months) than in whites (43 months). All pa- 

tients with hypertension were treated with antihyperten- 

sive drugs. The incidences of CHF and coronary events 

-not significantly different in blacks and whites. 

ver, the prevalence of prior ABI and the incidence 
-ABI were higher in blacks than in whites. 

lultiple logistic regression analysis showed that pri- 

(most important), concentric LV hypertrophy 

most important) and echocardiographic LV hy- 

ophy. (third most important) were independent risk 

CHF in our hypertensive elderly population. 

diographic LV hypertrophy (most important), 

total cholesterol (second most important), con- 

LV hypertrophy (third most important) and pri- 

nary artery disease (fourth most important) were 

ident risk factors for new coronary events in our 

sive elderly population. Prior ABI (most impor- 

echocardiographic LV hypertrophy (second most 

tant) and electrocardiographic LV hypertrophy 

‘most important) were independent risk factors 


+. 


in our hypertensive elderly population. 
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7 To evaluate the effects of calcium pretreatment on 
- the disposition and electrocardiographic effects of 
- verapamil, 8 healthy male volunteers received 

-< treatment in each of 3 phases in a randomized, 
double-blind, crossover manner. Phase I denoted 
10 mi of 0.9% intravenous sodium chloride fol- 
lowed by 10 mg of intravenous verapamil; phase Il 
denoted 10 mi of 10% intravenous calcium chloride 
followed by 4 mi of 0.9% intravenous sodium chlo- 
ride; and phase Ill denoted 10 mi of 10% intrave- 
nous calcium chloride followed by 10 mg of intrave- 
nous verapamil. Blood samples for the determina- 
tion of verapamil concentrations were drawn at 5, 

- 10, 15, 20, 30, 45, 60 and 90 minutes, and at 2, 
4, 6, 10 and 24 hours. Blood pressure, heart rate 
-and PR intervals were also measured at these 
times. Pretreatment of verapamil with intravenous 
calcium did not alter the disposition of piniebengerd 
verapamil. Blood pressure was not significantly al 
tered in any treatment phase, although calcium 
tended to increase mean arterial pressure and vera- 
pamil abolished this effect. Calcium had no signifi- 
cant affect on verapamil-induced PR prolongation 
(maximum percent change in PR interval: phase | = 
19 + 11%, phase Ill = 18 + 7%; time to maximal 
prolongation: phase | = 0.38 + 0.21 hours, phase 
{ll = 0.37 + 0.26 hours; and area under the per- 
cent change in PR vs time curve: phase | = 15.5 + 
10, phase Hl = 21 + 9). Verapamil caused a reflex 
increase in heart rate of similar magnitude in both 
‘phases I and lll (24 + 10% and 21 + 7%, respec- 
tively). However, calcium in phase ill caused an ini- 
tial decrease in heart rate, such that the net change 
-in heart rate over time was significantly different (p 
-<0.05) than with verapamil alone (area under the 
percent change in heart rate vs time curve: phase I 
‘= § + 28, phase lll = —23 + 12). In doses fre- 
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quently used in a clinical setting, calcium and v ver 
and R blood pressure, but not on. ‘ iove r 


nodal and thus entlarrhythee effects ¢ of 
verapamil are preserved despite pretreatment with 


(Am J Cardiol 1991;67:300--304) 





ment of supraventricular tachyarrhythmias 

ever, its usefulness may occasionally be 
hypotension.>° The beneficial potential of - 
calcium salts to reverse verapamil-induced | 
was first reported anecdotally in association with 
pamil overdose.” Since then, several investigators rep 
ed that intravenous calcium may lessen the hy 
effect of intravenous verapamil without altering its 
arrhythmic effect.°°*-!! However, neither the pc 
pharmacokinetic interaction nor the pharmacoc 
aspects of this combination have been fully delineate 
Therefore, we conducted a randomized, double- 
crossover study in normal volunteers to characterize fur- : 
ther the pharmacokinetic and electrocardiographic ef- 
fects of intravenous verapamil with and without intrave- : 
nous calcium chloride pretreatment. at 


[== verapamil is very effective in th 















METHODS ae 
Subjects: Male volunteers aged 18 to 35 yonu 
considered for participation. Screening procer 
sisted of a medical history, physical examination, “12. 2 
lead electrocardiography, serum chemistries and com- 
plete blood count. Subjects were excluded from consid- 
eration if there was evidence of: (1) organic heart 
disease; (2) atrioventricular heart block, sinus brady- — 
cardia or tachycardia, or the presence of any other su- _ 
praventricular or ventricular arrhythmias; (3) systolic 
blood pressure >150 mm Hg or <110 mm Hg, or diae 
stolic blood pressure >95 mm Hg or <55 mm Hg; 4) 
any Clinically significant laboratory abnormalitic : 
history of regular use of any medicatior 
illicit drugs; or (6) the presence. of 

















6+ com pleted all 
ses oft the i and are the subject of the present 
rt. This study was approved by the university insti- 
al review board for human investigations and all 
‘Provided oral and written informed consent. 
cedures: Subjects were asked to abstain from 
ng a any madia on caffeine or alcohol for >48 
's before the start of each treatment phase until its 
pletion. After an overnight fast, an intravenous 
er was placed in both arms of the subjects and 
d with a dilute heparin solution (10 U/ml). One 
eter was used for drug administration, the other for 
sampling. The subjects received treatment in each 
phases in a randomized, double-blind, crossover 
ner. In phase I, subjects received 10 ml of 0.9% 
um chioride followed by 10 mg of verapamil (4 ml). 
se II, subjects received 10 ml of a 10% solution of 
m chloride (13.6 mEq) followed by 4 ml of 0.9% 
1 chloride. In phase III, subjects received 10 ml of 
solution of calcium chloride followed by 10 mg of 
pamil. Treatment phases were separated by a wash- 
, riod 21 week. Calcium chloride or calcium-place- 
was. administered manually by intravenous push over 
(0 7 minutes, depending on subject tolerance. V erapa- 
_verapamil-placebo was administered 5 minutes 
he completion of calcium or calcium-placebo i in- 
via a volumetric intravenous syringe pump over 
All solutions were followed by a saline flush. 
S maintained a supine position from 215 
before until 2 hours after drug administration. 
cium chloride or calcium-placebo administra- 
aseline blood sample, blood pressure measure- 
nts and a l-minute (lead II) electrocardiographic 
ythm strip (recorded at 50 mm/s) were obtained. 
pressure measurements were obtained with an 
mated blood pressure device (HealthTeam model 
, M.E. Team Inc., South Plainfield, New Jersey) to 
ecrease the variability i in measurement. Blood Pressure 
is remeasured and rhythm strip obtained again before 
mil or verapamil-placebo administration. There- 
lood pressure measurements, rhythm strip and a 
blood sample were obtained at 5, 10, 15, 20, 30, 
5 and 90 minutes, and at 2, 4, 6, 10 and 24 
urs after verapamil administration. Blood samples 
re allowed to clot at room temperature, then centri- 
ind separated. The serum was stored at —70°C 
nalysis of the verapamil concentrations. 
cemic verapamil serum concentrations were mea- 
ya reverse-phase, high-performance liquid chro- 
raphic assay using fluorometric detection. Serum 
nples were spiked with the internal standard (meto- 
‘and extracted by the liquid-liquid method of 
pat and Kates.!2 Separation and quantitation of 
amil was performed using the methodology of 
ida et al,!3 with the substitution of octane-sulfonic 
or heptane-sulfonic acid in the mobile phase. The 
erday coefficients of variation were <11% 
entrations ranging from 6.5 to 65 ng/ 
limit of quantitation. for verapamil was 


rum concentration VE 


weighted, nonlinear, lea ares. regression. using 
RSTRIP (MicroMath Inc., Salt Lake City, Utah) a 
PCNONLIN (SCI Software, Statistical Consultants 
Inc., Lexington, Kentucky) computer programs. Single 
and multiple compartment models were fit to the data, 
which was weighted by a factor of 1 /y. Model discrimi- 
nation was performed by: (1) the Akaike information 
criteria,'4 (2) the F ratio test, (3) the examination of the — 
residuals and comparative sums of squares, and (4) vi- . 
sual inspection for the line of best fit. The terminal rate 
constant was objectively determined from the terminal — 
slope of the fitted concentration versus time curve. The 
area under the concentration versus time curve and area 
under the moment curve were calculated using the trap- 
ezoidal rule and extrapolated to infinity. The remaining 
pharmacokinetic parameters were calculated in a non- 
compartmental manner from the parameters above, us- 
ing standard equations for a constant rate infusion of 
short duration.!$ | 

Hemodynamic and electrocardiographic analysis: 
Mean arterial blood pressure was calculated by diastolic 
pressure plus 1/3 pulse pressure. Heart rate and PR 
intervals were determined from the mean of 10 consecu- 
tive cardiac cycles on each electrocardiographic rhythm 
strip. Heart rate, PR interval, systolic, diastolic and — 
mean arterial blood pressure (effect variables) were sta- 
tistically evaluated over time within treatment phases to 
detect significant changes from baseline, as well as to 
determine the duration of pharmacologic effect. Percent 
changes from baseline were calculated for heart rate 
and PR interval to compare the maximal effect and _ 
time to maximal effect between treatment phases. Area _ 
under the percent change (effect) versus time curve was _ 
calculated from time 0 to 2 hours by the trapezoidal — 
rule to compare the time-averaged net effects between 
treatment phases. 

Statistical analysis: The pharmacokinetic parame- 
ters of the 2 verapamil phases were compared using 
Wilcoxon’s matched pairs test. Differences within treat- 
ment phases were analyzed by a nonparametric equiva- 
lent of an analysis of variance for repeated measures. 
Differences among the 3 treatment phases were evaluat- i 
ed by a nonparametric equivalent of a 2-way analysis of - 
variance. The Student-Newman-Keuls multiple com- _ 
parison test was used to determine which groups dif- 
fered according to the analysis of variance.!° Statistical _ 
significance was defined as p <0.05 for all comparisons. 
All data are reported as the mean + standard deviation. 


RESULTS 

Pharmacokinetics: A 3-compartment model best fit 
the concentration-time data in all subjects, according to 
the Akaike information criteria and the F ratio test, 
which was confirmed by the examination of residual 
and by visual inspection of fit. Table I lists the mea: 
pharmacokinetic parameters. for the 2 verapamil | 
ment phases (I and HD. The pharmacokinetics i 


venous verapamil we 
| treatment with inte ave 





T - is ie oF 


3.234 1.04 
64.448.2 
3.7412 


0.203 40.047 0.204 + 0.058 


hi “Values are the mean + standard deviation. 


. Cl = systemic clearance; k = terminal rate constant: NS = difference not signifi- 
| tant Vgs = volume of distribution at steady state. 


Hemodynamic and Sea aie pee variables were 
analyzed from 2 different baseline reference points. Val- 
-ues before calcium chloride treatment were used to 
- evaluate calcium effects, as well as net effects of the 
“combination. Values before verapamil treatment were 
used to evaluate verapamil effects. There were no statis- 
tically significant differences in baseline measurements 
(before calcium or verapamil) for PR interval, heart 
rate, systolic, diastolic or mean arterial blood pressure 
among any of the 3 treatment phases. 

There were no statistically significant changes in 
. mean systolic, diastolic or mean arterial blood pressure 
from baseline values over time during any treatment 


phase. Figure 1 shows the mean arterial pressures from- 


baseline values before calcium to 2 hours after verapa- 
mil administration for all 3 treatment phases. Although 
not statistically significant, there was a tendency for cal- 
cium to cause small increases in mean arterial pressure 
and for verapamil to cause small decreases in blood 


pressure. The increase in mean arterial pressure owing 


to calcium was not evident i in phase II after verapamil 
administration. 

The PR interval was significantly prolonged in both 
phases (I and III) in which verapamil was administered 
(Figure 2). The maximal percent change in PR interval 
from baseline values before verapamil was 19 + 11% 
during phase I and 18 + 7% during phase IH (differ- 


AULE E Ca" /Verapam 


Bee l 
0.37 +0.26 
21+9 
2147 k 
0.104001 -.— 
12415 


Max % FR 
Tmaxpe 
AucCpr 
Max % HR 
Tmax pe 
AuCue 

Values wre the mean + standard deviation. l n 

Aucna = area under the percent change in heart rate versus time curve: A = 
area under the percent change in PR interval versus time curve: Max % HRo= 
maximum: percent change in heart rate: Max % PR = maximum percent change i 
PR interval, NS = difference not significant; Tmaxu, = time in-hours to. maximum 


percent change in heart rate; Tmaxps = time in hours to maximum. percent enan i 
PR interval. 


ence not significant) (Table II). The time to ma 
percent change in PR interval and the area 
percent change in PR interval versus time cu 


also net significantly different between phases I and I] 


In both these treatment phases, PR interval returned to 
baseline within 2 hours. Significant changes in the- PR 
interval were not observed after calcium-saline adn 
tration in phase II (Figure 2). Furthermore 
ment with calcium chloride did not alter vera 
duced PR prolongation (Table I). 2 

The effects of verapamil on sinus rate were e€ 
ed using baseline values before verapamil (Tat 
Verapamil administration resulted in a significar 
crease in heart rate (p <0.05) (Figure 3). Th magn 
tude of this increase in heart rate was simil 
(24 + 10% after verapamil alone) and pha H 
7% after calcium-verapamil). . 

Figure 4 shows the mean percent chai 
rate observed during all 3 treatment phases usi 
line values before calcium. After calcium a 
tion, there was a significant decrease in hea 
<0.05) in both phases II and HI (Figure 
um-induced decrease in sinus rate was simil 
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and duration despite verapamil administration. 
is demonstrated by the similar maximal percent 
ge in heart rate, time to maximal change and area 












ves in phases II and III (Table II). | 

— The time-averaged net change in heart rate after the 
- _ calcium-verapamil combination {area under the percent 
-change in heart rate versus time curve: phase III = —23 








_ Æ 12) was significantly different (p <0.05) than after 
- verapamil alone (area under the percent change in heart 
fate versus time curve: phase I = 5 + 28), when base- 
ralues before calcium were used to evaluate the ef- 
cts of the combination (Table HI): that is, verapamil 
dministration resulted in a transient increase in heart 
independent of calcium pretreatment, but this ef- 
ect was offset by an initial decrease in heart rate 
ed by calcium in phase III. In all phases, heart rate 
1ed to baseline values within 2 hours. 


vious studies suggest that pretreatment with in- 
us calcium may attenuate the hypotensive effect 
of intravenous verapamil without altering its antiar- 
rhythmic effect.>°8° These studies were primarily con- 
ducted in patients with supraventricular tachycardias, 
ing reductions in ventricular response or rever- 
© sinus rhythm as an index of verapamil effects on 
tricular nodal conduction: In this study, the 
ement of PR interval during sinus rhythm was 
as an objective and readily measurable reflection 
ffects of verapamil on the atrioventricular node. 
cokinetics: The pharmacokinetic profile of 
enous verapamil in our study is similar to that 
‘ously described.'’“! Calcium administration did 
t affect the pharmacokinetics of intravenous verapa- 
. Therefore, the observed effect of calcium pretreat- 
ent on the actions of verapamil cannot be explained 


by an alteration in verapamil disposition. Unlike our 
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Jer the percent change in heart rate versus time 


Pressure was not evident in phase II] after verapamil 
administration. Thus, although no major blood pressure 


to depress atrioventricular nodal conduction, which cai 





Baseline Values Before Cz cium: Ce 












(Cat /Verapamil), pValue `- : 
-19+ 3 T 
1.05 + 0.64 
-23412 


Phase I 
(Catt) 


—~20 49 


Phasel 
(Verapamil) 
Max% HR — 
Tmax — 1.114018 
Aucur 5+ 28 ~21422 


Values are the mean + standard deviation. 
Abbreviations as in Table i. 






















































by the use of a 3-compartment model in this study is 
most likely a reflection of the rigorous blood sampling 
strategy used. Sa a 

Hemodynamic and electrocardiographic analysis: 
Verapamil administration tended to decrease mean ar- 
terial pressure, although this difference was not signifi- 
cant. Previous studies also report that intravenous vera- 
pamil administration has little effect on blood pressure 
in normotensive individuals.”°?! In our study, the ad- 
ministration of intravenous calcium tended ( although 
not statistically significantly) to increase mean arterial 
pressure. Similarly, Haft and Habbab® and Weiss et al 
reported a small increase in mean blood pressure a 
ter administration of calcium alone. These studies. 
also demonstrated that calcium prevented verapamil- 
induced hypotension in patients with supraventricular. 
tachyarrhythmias. A calcium-induced increase in blood — 





alterations were noted in this study, the opposing action. 
of calcium and verapamil can be appreciated. ae 
_ The principal antiarrhythmic action of verapamil i 


be measured by the PR interval on the surface electro- 
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ral and intravenous verapamil'?*3 and can be corre- 
ated with serum verapamil concentration.'7-'°5* As 
“anticipated, verapamil administration resulted in a sig- 
nificant prolongation of the PR interval. Importantly, 
calcium administration did not alter PR prolongation 
esulting from verapamil administration. Most of the 
published studies that examine this drug combination 
uggest that calcium will not reverse or prevent the anti- 
iythmic effects of verapamil.*°?!°’> However, 3 
tudies of dogs report that calcium can reverse the atrio- 
tricular nodal effects of verapamil.''®?’ Lang et 
found that an increase in serum calcium to 5 
ol /liter was effective in reversing the verapamil-in- 
ed impairment of atrioventricular nodal conduction. 
Jariman et al'! found that extreme elevations in serum 
cium (from a mean concentration of 4.6 to 8.2 mEq/ 
er) were necessary to reduce verapamil-induced atri- 
His interval prolongation significantly. Interestingly, 
is latter study'! demonstrated that an even greater in- 
se in serum calcium (to a mean concentration of 
2 mEq/liter) actually prolonged the atrial-His inter- 
Our results in humans show that in clinically used 
es, pretreatment with calcium will probably not in- 
rfere with the antiarrhythmic efficacy of verapamil. 
Calcium administration produced a significant de- 
ease in heart rate in our subjects. This effect was seen 
shortly after calcium administration and persisted for 
approximately 1 hour. Although a decrease in heart 
rate after intravenous calcium administration has previ- 
ously been reported,®?* the mechanism(s) remains un- 
clear; one may postulate either a direct or reflex mecha- 
nism.25 Verapamil had the opposite effect, i.e., an in- 
crease in heart rate, probably by a reflex mechanism. 
‘Other investigators? also observed a brief increase in 
heart rate with no significant change in blood pressure 
after intravenous verapamil. Verapamil administered 
after calcium increased heart rate above baseline values 
before verapamil by a similar magnitude as that ob- 
served when verapamil was administered alone. How- 
ever, pretreatment with calcium counteracted the ability 
of verapamil to cause a net increase in heart rate. 
Therefore, the lack of an overall verapamil-induced in- 
crease in heart rate in phase HI can be attributed to an 
initial decrease in heart rate caused by the calcium pre- 
treatment. These findings imply that the sensitivity of 
the sinus node to respond to reflex increases in sympa- 
thetic tone is unaltered by calcium. 

| In each phase of this study, differing effects of calci- 
um and verapamil were noted. Calcium, in the doses 
used, caused a small increase in blood pressure and a 
decrease in heart rate but did not affect atrioventricular 
_ conduction. Verapamil caused a small decrease in blood 
- pressure, an increase in heart rate, probably because of 
-a reflex increase in sympathetic tone secondary to vaso- 
dilation, and a marked delay in atrioventricular conduc- 
tion, which was not affected by increases in sympathetic 
tone. Calcium pretreatment countered this verapamil- 
induced reflex increase in heart rate, but left the degree 
of PR prolongation unaltered. In this study, calcium 
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cardiogram. PR interval prolongation occurs with both and v 


‘Fate and arteria: blood pi 
atrioventricular conduction.. _ 
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An early manifestation of acute myocardial ischemia 
: the edit arate of Rank cece aid T-wave 








doca rdial orema i with ip extensive myocar- 
f ary. ST-segment elevation reflects transmural in- 
, with greater extent of myocardial injury.'~? 
ST-segm ent depression is generally induced by factors 

thats increase cago demand, such as atrial Pacing 









lieved to progress from the pare to the 
layers. Thus, we would expect to observe ST- 
epression progressing through an isoelectric 
acai elevation. This may explain why 


wes ett ee eos were said 
- from cial snot of the ischemic zone re ee the 


; responses- on the intracoronary ES and surface 

-leads IH and V5 were continuously recorded. 

We studied 35 patients (19 men, 16 women, mean 
age + standard deviation 58 + 12 years) during balloon 
dilatation of the left anterior descending coronary ar- 


+ tery. All patients were receiving antianginal medications 
ates, 22 calcium antagonists and 12 B blockers; 
patient [range 1 to 3) and also received aspi- 
4 m and diphenhydramine. hydrochloride be- 
S fore the procedure. None of the patients, was receiving 
digoxin, 

Left ventriculography and coronary akih y 
were performed in the usual fashion within 1 week of the 
idy. Analysis of left ventricular wall motion and ejec- 
n fraction was obtained from the 30° right anterior 
ue projection. Coronary angiography was per- 
: ed in multiple views. The presence and degree of 
` -collateral filling of the left anterior descending artery 
were e assessed from angiograms obtained during contrast 
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- it Ch nge i During Acute No-Flow Myocardial 
iced by Balloon Occlusion During Angioplasty of the 
scending Coronary Artery 


` balloon angioplasty, using the method described one Ren- 


tery, 30 patients developed chest pain. S 
WAS ations on the intracoronary electrograms were ¢ 

Aami me <33 patients (94%). On the intracoronary. electrog ams, 
andat o only ST-segment elevation developed in 30 patients. The 
mean ST-segment elevation was 9 + 7 mm (range | to. 















































injection of the right Coi artery performed Bon e 


trop et al.” 

Guiding catheters for balloon angioplasty w 
placed in the usual manner, using the Judkins techni 
After initial angiography and identification of the t 
get lesion, a 0.014-inch diameter, high-torque, flop 
steerable guidewire (ACS, Inc) was positioned in’ 
distal left anterior descending coronary artery. 
proximal end of the guidewire was connected to the 
lead of the standard electrocardiograph in order to 
cord a local unipolar intracoronary electrogram fr 
myocardium distal to the stenosis to be dilated. ‘ 
intracoronary electrograms were continuously recor 
with a 35-Hz low-pass filter and a standard electroc 
diograph (Marquett, Inc). Leads II and V; were a 
monitored. In all patients, baseline recordings were 
tained before balloon inflation. The angioplasty balloo 
catheter was then advanced and positioned at the steno 
sis. The number of balloon inflations, duration of each - 
inflation and the pressures used were determined by the 
operator, based on the angiographic appearance of the 
vessel before and after each inflation. A unipolar intra- 
coronary electrogram and body surface leads II and Vs 
were recorded during each balloon inflation <120 sec- 
onds and until the electrocardiographic signal returned 
to baseline after balloon deflation. The duration of each 
balloon inflation was based on patient symptoms and 
blood pressure values. The unipolar electrograms and 
body surface ECGs were evaluated for patterns of ST- 
segment deviation. The maximal ST-segment deviation 
was determined 80 ms after the J point on the intracoro- 
nary and surface ECGs. 

Data are reported as mean + standard deviation. 

Comparison of discrete variables was made using the 
paired t test. A p value <0.05 was considered statistical- 
ly significant. 
_ A previous myocardial infarction was documented in 
20 patients and 12 patients had wall motion abnormality 
(8 severe, 4 mild hypokinesis) in the distribution of the 
left anterior descending coronary artery. No patient had 
an akinetic or dyskinetic anterior segment. Intracoro- 
nary collateral vessels to the left anterior descending 
artery were evident during injection of the right coronary. 
artery in 11 patients (grade 3 in 4, grade 2in4, grade 
3 patients). 

During dilatation of the left anterio de Cer 
























25) (Figure 1). Only 2 patients developed ST-segment 
depression that then progressed to ST-segment eleva- 
_tion, traversing through an isoelectric point during sin- 
gle-balloon inflation (Figure 2). One patient developed 
only ST-segment depression of —3 mm. 

There were no clinical or angiographic variables that 
distinguished the 3 patients who had ST-segment de- 
pression or no change on the intracoronary electrogram 
from patients who developed only ST-segment elevation. 
The ejection fraction, wall motion, and the presence or 
absence of collateral vessels were similar in the 2 groups. 
Likewise, there was no obvious difference between the 2 
patients in whom ST-segment depression progressed to 
ST-segment elevation and the remaining patients who 
had only ST-segment elevation. The 11 patients who had 
angiographic collateral vessels to the left anterior de- 
scending artery had significantly less ST-segment eleva- 
tion than those without collateral vessels (4 + 4 vs 12+ 

6 mm |p <0.001], respectively). 

_ During dilatation, ST-segment changes developed on 
_ the surface ECG in only 13 patients (37%) (elevation 11, 
` depression 2). The mean ST-segment elevation on the 
_ surface ECG in the 11 patients was 2 mm (range | to 4). 
No patient showed a transition from ST-segment de- 
pression to ST-segment elevation on the surface ECG. 
All these patients also had significant ST-segment ele- 
vations on the intracoronary electrograms. 

Our results show that the sensitivity of intracoronary 
electrograms for the detection of myocardial ischemia 





FIGURE 1. Intracoronary electrogram (IC) and surface leads li 
and V; during baseline (left) and dilatation (right) showing 10- 
mm ST-segment elevation. There was no ST-segment depres- 
sion. 
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during brief episodes of no-flow ischemia is much greater 
than surface leads. Thirty-three patients (94%) had ST- 
segment deviations during balloon inflation on the intra- 
coronary ECG, but only 13 patients (37%) had ST-seg- 
ment changes on surface leads (p <0.001). This is consis- 
tent with our previous findings> and those of Friedman et 
al.6 Because all 12 surface electrocardiographic leads 
were not monitored, it is possible that some patients may 
have had undetected ST-segment deviations. The pres- 
ence of collateral vessels resulted in less ST-segment 
change on the intracoronary electrogram (4 vs 12 mm), 
suggesting a smaller ischemic zone. We cannot exclude 
the possibility that some patients may have recruited 
collatera! vessels during balloon angioplasty. Our find- 
ings of greater ST-segment elevation on the intracoro- 
nary ECG than on the surface leads (9 vs 2 mm) is 
consistent with findings in animal studies that show a 
significant decline in the magnitude of recorded poten- 
tials with increasing distance between the heart and the 
recording leads.’ 

Previous studies in normal canine hearts have charac- 
terized in detail the relation between intracellular action 
potential and extracellular electrograms recorded from 
these regions.”-!° There is also a thin layer of endocardial 
tissue that is protected from ischemia by the presence of 
left ventricular chamber blood, which acts both as an 
oxygen source and a diffusion pathway for metabolites.!! 
As a result, during subendocardial ischemia, a thin layer 
of endocardial tissue is created, which is surrounded by 
nonischemic tissue on all sides. Holland and Brooks! 
described the theory of TQ- and ST-segment changes 
induced by myocardial ischemia. They identified spatial 
(ischemic area and shape, electrode location) and non- 
spatial factors (electrolytes, heart rate, drugs) that com- 
bine to create the direction of TQ- and ST-segment 





FIGURE 2. Intracoronary electrogram (IC) and surface leads fi 
and Vs during baseline (left). First ST-segment depression 
(middle) is followed by ST-segment elevation (right) during di- 
latation. 
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| nei 
In low 
[Q-segment elevation and ST-segment depression, be- 
sause of the voltage difference between the subendocardi- 
al and epicardial regions. With progression of ischemia to 
he epicardial layer, the magnitude and direction of the 
y current change on the body surface leads charac- 
cally reveal TQ-segment depression and ST-seg- 
levation,!2.!4 
e therefore expected to see a transition from ST- 
nt depression to elevation as the wave front of isch- 
progressed from endocardial to epicardial layers in 
man model of acute no-flow ischemia. Only ST- 
segment elevation was present in 30 patients, indicating 
at the magnitude and direction of the injury currents 
are such that only TQ-segment depression and ST-seg- 
elevation occurs. In those 2 patients in whom no ST- 
ent change was noted on the epicardial electrogram, 
ossible that only mid-myocardial ischemia devel- 
ecause of the presence of a nonischemic subendo- 
rdial layer protected by left ventricular cavity blood 
ie epicardial layer, resulting in a balance between 
factors generating TQ-segment elevation and ST- 
egment depression and those generating the reverse 
es. | 
ur inability to detect a transition may be because of 
tantaneous development of transmural ischemia in 
or because of the presence of a nonischemic 
ial layer, which results in simultaneous progres- 


oppler Echoca 


ifficulties of performing a conventional hemody- 

: study in patients with a mechanical prosthesis 

in the tricuspid valve position make the Dopp- 

od a useful, evaluative tool. However, the amount 
le Doppler data in this field is scarce.!? We 
Doppler echocardiographic findings in 16 patients 
ically normal-functioning mechanical prostheses 

pid valve position. 

prospectively studied 17 consecutive female pa- 
d 46 + 10 years (range 27 to 63), who under- 
ricuspid valve replacement because of rheumatic 
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heart disease (15 patients), Ebstein's anomaly (1 pa- l 
tient) and surgical iatrogenic injury of the tricuspid : 
valve (I patient). The prostheses had been implanted — 


and a paced rhythm in 1. 

To assess whether the prosthesis functioned normally 
before the Doppler study, each 
plete physical examination, 12 
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_ » Mean DG = mean diastolic gradient; Peak V = peak velocity; PHT = pressure half-time; --- = na information. 


disc. This patient was excluded from the study. The 
: remaining patients were in New York Heart Association 
-functional class I. 

= The Doppler study was performed with a cardiac 
` ultrasound imaging unit (Vingmed CF M-700) equipped 
_ with a 3.5-MHz transducer. A continuous-wave Doppler 
_ study of the flow velocities across the tricuspid prosthe- 


-sis was performed either from the apical or the precordi- 


_ al approaches, depending on where the optimal flow 
_ profile was obtained. Adequate alignment between the 
blood flow and the ultrasound beam was obtained with 
the aid of color-flow Doppler. 

` The following Doppler measurements were obtained: 
diastolic maximal flow velocity, mean diastolic pressure 
gradient, using the simplified Bernoulli's equation of 
transprosthetic flow velocity, and pressure half-time. All 
Doppler recordings were obtained during a period of 
postexpiratory apnea and 3 different cardiac cycles were 
analyzed to obtain an average value. Detection of regur- 
gitant prosthetic flow was attempted by means of either 
continuous-wave Doppler or color-flow mapping. As 
part of routine follow-up, a second Doppler echocardio- 
graphic study was performed in 12 patients within a 
‘mean interval of 10 months (range 4 to 13) after the first 
‘examination. 

- Comparison between Doppler results in patients with 
‘St. Jude and Bjork-Shiley prostheses was performed by 
-means of an unpaired t test and between the first and 
long-term examinations by means of a paired t test. A p 
value <0.05 was considered statistically significant. Val- 
‘ues are expressed as the mean + standard deviation. 

- Adequate transprosthetic flow Doppler recordings 

vere obtained in all patients. The results of the first 


4 


amination 


nged from 1 to 5 


with a St 


- must be the same for 


102 + 38). Mild tricuspid regurgitation was detected 
patient (no. 6). In patients with a Bjork-Shiley pro 
sis, mean diastolic gradient ranged from 2.5 to7 n 
(mean 5.07 + 1.8), peak velocity from 14 to 1.8. 
(mean 1.62 + 0.16) and pressure half-time from 90 to 
290 ms (mean 188 + 84). No regurgitations were see 
The results obtained in the 12 patients who w 
reexamined showed no significant differences fror 
values obtained at the first study. New regurgi 
were not detected, nor were the clinical signs sugg 
of malfunction. 3 
Invasive hemodynamic values in patients with 
pid valve prostheses have rarely been reported 
the inconvenience of these procedures. In 1966 
al? reported on 12 patients with normal-functio 
Starr-Edwards tricuspid prostheses, finding a 4.7 + 2 mm 
Hg average mean diastolic gradient (range 3 to 9). Val 
ves between 3 and 7 mm Hg were noted in the few 
patients with normal Bjérk-Shiley tricuspid prostheses. 
studied.2 Invasive hemodynamic data are also scarce. 
patients with thrombosed tricuspid prostheses; Tho 
et al4 found mean gradients ranging from 5 to 1 
(mean 11 + 4) in 8 patients. ee 
Deppler echocardiography has been shown 
ful in the detection of malfunctioning mecha 
biologic tricuspid valves, but data on normal-func! 
ing prostheses in this position are rare. In our series o. 
patients, Doppler-determined tricuspid mean gra 
(1 to 7 mm Hg) are in the same range as those deter 
mined by invasive procedures.'.? These values of diastoli 
gradients may seem relatively high for a valve 
tricuspid position, because pressure gradients in pi 
with moderate native tricuspid stenosis are 
same range. This is to be expected, however; 
absence of an intracardiac shunt, the pressu 
! the same 





> 2001 ms, together with a nea diastolic ae 

m/s, indicate tricuspid prosthetic obstruction. Nev- 
ess, in our series, 2 patients (numbers 10 and 13) 
‘ulfilled these criteria, but no clinical signs or symptoms 
iggesting prosthetic dysfunction were present. The lon- 


oressure half-time value obtained from among our 


ily normal-functioning tricuspid prostheses was 
s, whereas the pressure half-time of the single pa- 
with an obstructed prosthesis, initially excluded 
-our series, was 470 ms. 
1e average mean diastolic pressure gradient, peak 
locity and pressure half-time were signifi cantly lower in 
ents with St. Jude prostheses than in those with 
rk-Shiley valves. These results concur with the differ- 
emodynamic profiles of these valves, which favor the 
de model in terms of effective orifice area and 
dual diastolic gradient. 
second Doppler examination was performed in 
patients (12 of 16) at follow-up after a mean of 10 
onths, There were no significant differences between 
t and second determinations in the whole group, 
firming the good reproducibility of the Doppler tech- 
que in the follow-up of prosthetic valve function. 


tions. Patients with fh Bjork Shiley paile A have 

higher gradients and longer pressure half-times tha 
those with St. Jude valves. A routine basal examination of 
patients with prosthetic valves by Doppler echocardiogr . 
phy will permit the assessment of any increase in the 
pressure gradient or half-time, thus allowing the detec- 
tion of a potential dysfunction of the prosthesis. 
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rr elation of the Physiologic Parameters of a Continuous Ramp 
us an Incremental James Exercise Protocol in Normal Children 


arol S. Tanner, MEd, Charles T. Heise, CRTT, and Gerald Barber, MD 


til recently, all clinically available exercise proto- 
ols involved steady-state or incremental increases in 
oad.! In these protocols, the subject exercises 
st a predetermined and unchanging work load or 
es with the work load increasing in a continuous 
e fashion. These protocols were designed so that 
ject would be at or near steady state when physio- 
meters were measured. This was especially im- 

tin the past when only a limited number of points 
uglas bag collection of respiratory gases were ob- 


esse and the size of the Aoi increments limit 
moos These limitations are —_ signifi- 


small increments, a ramp protocol alleviates these prob- 
lems. The ramp protocol, however, introduces a new 
problem. The patient is never at a steady state when 
physiologic parameters are measured. To assess the ef- 
fects of a non-steady-state exercise protocol on physio- 
logic parameters, we compared the responses of normal 
children to both a continuously increasing non-steady- 
state ramp protocol and the standard incremental a 
state” James*~* protocol. 

We evaluated 20 normal subjects (8 boys and 1 2 
girls), ages 6 to 16 years (mean + standard deviation 
10.7 + 2.6 years) using both a continuously increasing 
non-steady-state ramp protocol and an incremental 
steady-state James protocol. The height of the children 
ranged from 109 to 161 cm; weight ranged from 19 to 54 
kg; and body surface area ranged from 0.8 to 1.6 m°. The 
study population included healthy siblings of patients 
with congenital heart disease at the Children’s Hospite 
of Philadelphia, and normal school children. The su 
jects were not highly conditioned nor engaged in regu 
athletic eid to o benter ean our. da lg 





Minutes 


TABLE I Mean + Standard Deviation of the Ramp and James Protocols at Rest and Maximum Exercise 


_ Physiologic Parameters 
Heart rate (beats /min) 
Systolic blood pressure (mm Hg) 
Diastolic blood pressure (mm Hg) 
Respiratory rate (breaths /min) 
`. Tidal volume Giters) — 
Minute ventilation (liters) 
Oxygen consumption (liters / min) 
Carbon dioxide production (liters /min) 
< Ventilatory equivalent for oxygen 
~ Ventilatory equivalent for carbon dioxide 
Respiratory quotient 
Arterial oxygen saturation (%) 
Cardiac index (liters /min/m?) 
Stroke volume index (ml /beat /m?) 
Systemic vascular resistance index (U-m*) 


* 9 <0.05 vote ramp and James protocols at equivalent states. 
U = wood units 


erforming the incremental steady-state James protocol 
rst. The median interval between performance on the 2 
ardiopulmonary exercise tests was 10 days. We in- 
structed the subjects not to eat for 2 hours before the 
exercise tests. Upon arriving at the Cardiopulmonary 
Exercise Lab, we obtained a brief history from the sub- 
ject and guardian to assure that there were no contrain- 
dications to a cardiopulmonary exercise test. We then 
explained the equipment and procedure to both the par- 
ent and subject and obtained informed consent. Subjec- 
tive estimates of exercise tolerance and baseline activity 
evel were assessed using a standardized questionnaire. 
"he parent was then asked to wait outside the exercise 
aboratory while the subject performed the test. 
- Before the subject's first exercise test, we measured 
he subject’s flow volume loop, slow vital capacity and 
maximal voluntary ventilation by spirometry. 
`- We used a Medical Graphics CPE 2000 cycle ergom- 
ter for all the exercise tests. For the ramp protocol, the 
ork load increased 0.025 W/kg every 6 seconds. This 
esulted ina 1-watt increase in work load every 6 seconds 
average. patient In ee James facia the work 


sas ie fed 


90+ 13 
108 +10 
6247 
2248 
0.51 +0.25 
9842.1 
0.22 + 0.07 
0.19 + 0.07 
48412 
57 + 16 


0.86 + 0.10; 


98 +2 
4.2410 
48412 
1946 


Maximum Exercise 


Ramp 


192 + 10 
147 +16 
67 +7 
57 +14 
1.03 + 0.40 
54.64 15.9 
1.11240.44 
1.24 +0.55 
53413 
44429 
1.09+0.1 
9642 
8541.3 
4747 
11l+2 


187 + 14* 
138417 
64+ 10 
Sit 1i* 
1.04 +0.40 
50.1 +15.2 
1.09 + 0.43 


1244054 | 


49411 
40 + 28 
111401 
96 +3 
8.64 1.2 
4847 
lii 


weighing 40 kg. Work load increases more slow 

ramp than James protocol so that at 10 minutes 

is working at 3 W/kg on the ramp protocol and 

on the James protocol. An IBM compatible per 
computer interfaced to the cycle ergometer through | 
digital-to-analog converter controlled the work rate. We 
continuously monitored the subject's heart rate and- 
rhythm using a Marquette Case 12 exercise electrocar- 
diogram system. The Marquette Case 12 recorded 

lead electrocardiogram before exercise and ever 

utes during exercise. We computed heart rate b) 

ing the interval between 2 complete RR 

monitored blood pressure using a stethophoni 

phone taped over the left brachial artery and 

mercury manometer. A Paramed 9300 automate. blooa 
pressure system controlled cuff inflation and c ! 
We recorded the pressure levels a at the Ai rst an nd. 


A Perkin Elmer MGA 1100 mass spect oie 
ously measured respiratory oxygen and 
partial pressures. We calibrated the 

_ with analyzed gases before 

medics turbine transducer ¢ 












iece measured ventilatory flow. ‘An acetylene- 
2-carbon monoxide rebreathing technique’ mea- 
d cardiac index at rest and every 3 minutes through- 
out exercise. We calculated stroke volume index by di- 
ling cardiac index by heart rate and systemic vascular 
esistance index by dividing cardiac index by mean arte- 
rial blood pressure. We determined ventilatory anaero- 
bie threshold using the V-slope method.’ This tech- 
nique involves 9-second averaging of breath-by-breath 
oxygen consumption and carbon dioxide production 
data. Carbon dioxide production is then plotted against 
ygen consumption. A computerized regression analy- 
sis then determines the first and second components of 
oxygen consumption-carbon dioxide production re- 
sponse and solves for the intercept. This intercept is the 
ventilatory anaerobic threshold. 
All subjects were verbally encouraged to continue 
exercising until exhaustion. After exercise, we helped the 
subjects off the cycle ergometer and monitored blood 
or sure, heart rate and electrocardiogram for another 
nutes. 
‘The physiologic parameters were compared using 
ired student’s t test and linear regression. All data are 
pressed as mean + standard deviation unless other- 
noted. 
Table I lists the mean values and standard deviations 
he physiologic parameters of the ramp and James 
acols at rest and peak exercise. At rest there were no 
ificant differences in any of the parameters we ana- 
d indicating good test retest correlation. At peak 
cise, maximum heart rate and respiratory rate were 
nificantly higher on the ramp than on the James pro- 
col. At peak exercise there were no differences in the 
7 ean values between the ramp and James protocols for 
-tidal volume, minute ventilation, oxygen consumption, 
rbon dioxide production, arterial oxygen saturation, 
liac index, stroke volume index or systemic vascular 
sistance index. Table II lists the data for total exercise 
total work, mean power, maximum power and 
atory anaerobic threshold. The ramp protocol’s 
m power was 10% and total work was 18% high- 
that of the James protocol. Consistent with the 
xercise time of the ramp protocol and the more 
radual slope, the mean power on the ramp protocol was 
'% lower than that of the James protocol. 
We successfully identified the ventilatory anaerobic 
shold 60% of the time using the V-slope method. 
were no significant differences in ventilatory an- 
} o between the rmp and James pee 









































si peo work loads. M therew were 
ferences in t Rese mean values, none of the dif- 





k time constants: o: the Physiologie Tesponses' are shi 

















Exercise metmi 94433 6.2429% ° | 







Total work (KJ) 28.3 + 23.5 23.2£17:.9 j. 
Mean power (W) 44.2 4+ 22.0 5434188" | 
Maximum power (W) 87.6 + 43.8 79.8 + 39.2* 
Ventilatory anaerobic 0.80 + 0.14 0.75 +0.18 







threshold (liters / min) 
= P <0.05 between ramp and James protocols. 


































ferences was statistically significant. There was a strong 
correlation between the values from the ramp and James 
protocols at equivalent work loads with correlation coef- 
ficients ranging from 0.68 for minute ventilation to 0.87 
Jor carbon dioxide production. 

Although blood pressure and cardiac outputs were 
measured every 3 minutes during exercise, these mea- 
surements frequently did not occur at equivalent work 
loads for the 2 protocols. Thus, we could not compare 
these 2 measurements at equivalent intermediate work 
loads. 

To assess the effects of non-steady-state exercise and - 
to develop an exercise protocol for the assessment of- 
children with moderate to severe exercise intolerance we 
compared the physiologic parameters obtained from a- 
continuously increasing non-steady-state ramp protocol. 
with those from a 3-minute incremental steady-state pro- 
tocol. Unlike previous studies using a ramp protocol in 
which a constant ramp slope was used,'-8-!° we elected to 
index our ramp slope to the patient’s weight. This allowed 
us to use the same protocol across a wide range of patient 
ages and sizes and alleviated the problem of having to 
validate multiple ramp slopes for various sizes of children. 
A normal child should be able to work at approximately 3 
W/kg at peak exercise.'! To collect 10 to 12 minutes of 
data on each child we chose a ramp slope of 0.25 W/kg/ 
min. This results in a 3 W/kg work load 12 minutes into 
the exercise protocol. The 3 W/kg maximum was an 
overestimate for our average nonconditioned child as the. 
mean work load at peak exercise in this study was 2.4 W/ 
kg. This still allowed for 9.4 minutes of data collection in 
the average child on the ramp protocol compared with 6.2 
minutes on the standard James protocol. Thus, the ramp 
slope chosen for this study is suitable for clinical exercise 
testing. 

It has been stated that one must be at a steady state to 
measure physiologic parameters accurately.'2:!3 If this 
were true, a ramp protocol, in which the subject is never 
at steady state, would be unacceptable. Our results, how- 
ever, prove that there is no difference in physiologic pa- 
rameters between the standard steady state James proto- 
col and otr non-steady-state ramp protocol. This finding- 
supports a study done by Whipp et al! that found tha 
aerobic parameters can be reliably determined durin 
exercise regardless of whether a ramp, steady-state inc 
mental or a constant load protocol was used. Becaus 
detected no physiologic differences between the stead 
state and. non-steady-state protocols indicate tha 











































a The a only differ- 


t peaks exercise. Iti is 


ne patients, "while saab to avn exercise at ibs next 
load of the protocol, would be capable of sustaining 
cise at an intermediate work load between their cur- 
ent work load and the next full step increase of the 
remental protocol. Indeed, the maximum power on the 
mp protocol was 10% higher than the maximum power 
the James protocol. Thus, it is not unexpected that 
some indexes, such as maximum heart rate, were also 
gnificantly higher on the ramp protocol than on the 
ames protocol. Because the ramp protocol’s work load 
icreases at a slower rate than the James protocol, it takes 
Jonger time to reach comparable work loads. This ex- 
plains why the patient’s exercise time is longer and their 
mean power is lower on the ramp than on the James 
rotocol. The longer exercise time, spent at lower sub- 
naerobic work loads accounts for the greater total work 
erformed on the ramphan on the James protocol. Once 
he patient reaches their maximum oxygen consumption, 
ther increases in work load have no effect on oxygen 
onsumption. Thus, the oxygen consumptions at peak 
exercise oxygen are similar for the 2 protocols. 

We obtained the ventilatory anaerobic threshold in 
60% of our subjects (Table II). Although we thought that 
the ramp protocol, with its continuously increasing work 
load, would allow a mere precise determination of venti- 
latory anaerobic threshold than the James protocol, there 
were no significant differences in the ventilatory anaero- 
bic thresholds between the 2 protocols. 

_ Although one goal of this study was to develop a more 
appropriate exercise protocol for the testing of children 
with moderate to severe limitations in their exercise toler- 
ance, we did not include such children in this study. We 
believe that, without a better understanding of the normal 

esponse to a ramp pretocol, it would be difficult to assess 
the response of children with moderate to severe limita- 


state ramp protocol ould be ar ierti in sed 
moderate to severe exercise intolerance. Further study 
such children is necessary to prove this. definitivel ; 
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™ransesophageal echocardiography (TEE) allows 
evaluation of cardiac, valvular and vascular structure 
d function in a relatively noninvasive manner. Al- 
gh sustained esophageal pressure during intraopera- 
monitoring might possibly cause injury to the mucosa 
ceper layers, reports of complications related to the 
nique are rare. Cucciara et al! reported laryngeal 
ry after TEE monitoring in the sitting position. Ur- 
owicz et al? found no histologic esophageal damage in 
dogs after maximum surface contact pressure between 
esophagus and a fully flexed TEE probe. After several 
its complained of dysphagia after cardiac surgery, 
dentified by prospective interviews 20 patients who 
ysphagia postoperatively. 
total of 20 patients were identified as having post- 
rative dysphagia from January 1, 1987, through 
y. 31, 1988. The charts of these patients were re- 
ed. Four patients had undergone TEE; 16 had not. 
g this period, 1,245 adult cardiac operations that 
ed cardiopulmonary bypass were performed. Of 
217 were monitored with TEE. The distribution of 
liac operations is summarized in Table I. The chi- 
-test revealed no dif ference in the incidence of 
phasis between patients who underwent cardiac sur- 
with and without monitoring by TEE (p >0.9998). 
Dysphagia is a symptom that may be a manifestation 
ich diverse syndromes as esophagitis, stricture, esoph- 
achalasia or perforation. “Stress” associated with 
logic disease or after operations or burns remote 
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from the esophagus has been implicated in noninstrumen 
tal perforation of the esophagus. 3 The incidence of com 
plications with fiberoptic peroral endoscopy used to diag- 
nose gastrointestinal disorders has been estimated to | 
0.1 to 0.2%, and mortality from the use of these instru- 
ments has been reported to between 0.14 and 0.65 per 
1,000 procedures.’ 

No complications to date have been reported afte 
intraoperative TEE monitoring in supine patients, bi 
transient postoperative laryngeal dysfunction has been 
reported in 2 neurosurgical patients monitored by TEE. 
during surgery in the sitting position.' We report 20 pa- 
tients who experienced at least mild dysphagia after car- 
diac surgery. There was no difference in the incidence of 
dysphagia between the group of patients who had TEE 
monitoring and those who did not. ; 

Because of the concern over probe-induced thermal 
injury, we turn the unit off during bypass and use the 
minimal gain and power output settings to obtain ae 
able pictures. | 

Certain limitations of this study deserve comment: 
Patients having dysphagia were identified both prospec- 
tively and by a retrospective chart review based on com- 
plaints of dysphagia made in the postoperative period. No 
information is available concerning the prevalence of dys- 
phagia preoperatively, and our report is based on the 
occurrence of dysphagia, a symptom of varying cause and 
severity, rather than on objective tests of esophageal func- 
tion. The frequent occurrence of discordances between 
dysphagia or other symptoms and measures of esophage- 
al dysfunction has recently been documented.’ Even the 
large number of subjects in the present report is insuffi- 
cient to exclude completely the possibility of a very weak 
association between the use of intraoperative TEE and 
the risk of dysphagia after cardiac surgery. | 
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olor Doppler Imaging 


Pw olor Doppler imaging provides information on spatial 
kð distribution of blood flow and is widely used to evalu- 
ate valvular regurgitation and shunt lesions. Estimates of 
size and shape of flow areas have been suggested to quan- 
tify these disorders, particularly in valvular regurgita- 
tion,'? where such measurements of jet dimensions are 
widely used. Although the influence of technical vari- 
ables—such as ultrasound gain setting and transducer 
frequency—on color jet areas has been reported,*~> this 
fact is frequently neglected. We studied the magnitude of 
jet area changes with variation of sample volume size, 
low-velocity filter, gain setting, sector angle and postpro- 
cessing to evaluate their importance for quantitative color 
Doppler estimates. 
_ We simulated valvular regurgitation in an in vitro 
pulsatile flow model capable of providing highly repro- 
ducible fluid jets. The flow model has been described in 
more detail elsewhere.° Jets were generated with a pneu- 
matically driven ventricle of an artificial heart, which 
was passively filled from a reservoir. The ventricle was 
connected to a cylindrically shaped test chamber (inner 
length 100 mm, inner width 60 mm). Plates with differ- 
ent orifice diameters were mounted in the center of the 
chamber’s front plane. The outflow of the chamber, radi- 
ally positioned at the back plane of the cylinder, led back 
to the reservoir. Flow rates were measured with an elec- 
tromagnetic flowmeter (Hellige) and pressure gradients 
across the orifices were measured with fluid-filled cath- 
eters and Statham transducers. The test fluid was fresh 
pooled porcine blood, which was anticoagulated with 
ethylene diaminetetraacetic acid (2 g/liter). 

-Plates with orifice diameters of 1, 2 and 3 mm were 
sed and pressure gradients of 50 and 100 mm Hg were 
applied. The resulting flow rates ranged from 1.2 to 26.7 
ml/s. The ejection time was 700 ms, and the pulse rate 
was 30 beats/min. 
<- Imaging was performed with a Vingmed CFM 700. 
The 2.5-MHz mechanical transducer was positioned at 
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the backplane of the test chamber. Pulse repetition fr p 
quency was 5.5 kHz. The standard instrument settin 
was as fellows: (1) maximal gain without appearane 
artifacts, (2) low-velocity filter 0.25 m/s, (3) sample l 
volume size 2.4 mm, (4) color sector angle 45°, (S) 
maximal lateral smoothing (postprocessing), (6) vari- ~ 
ance made, and (7) frame rate 15/s. E 
Jet areas were calculated by planimetry (using | the 
on-board quantitation package of the ultrasound device 
from frames 300 ms after ejection started (time when 
jets had reached their full extension). The measurement 
was repeated with the standard instrument setting to. 
the reproducibility. Then, the measurements were r 
peated after changing the instrument setting as follow 
(1) gain was reduced in 12 steps, (2) sample volume size 
was reduced to 1 mm and to an intermediate pos 
between these 2 settings, (3) lateral smoothing was 
turned off, (4) low-velocity filter was increased to 0.47 
m/s ana decreased to 0.19 m/s, and (5) color sector ang 
was increased to 60°. 
A paired t test was used to test the null hypothe S 
the measurements before and after changing the instri 
ment setting. 
Jet areas for the different orifice sizes and ; pressu ' 
gradients ranged from 10.9 to 19.3 cm? and were well 
reproducible (mean difference 0.2 + 0.4 cm’, all mea- 
surements within +2.5%). ga 
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afer the a rst 2 steps, a sligh decre by sie denny + with |” 


urther gain reduction. Figure 2 shows the percent 
anges of the color areas with variation of the other 
echnical variables (mean + standard deviation). When 
he sample volume size was reduced to 1 mm, the color 
areas decreased by 32.9 + 4.0% (21.6 + 7.4% for the 
ermediate position). The setting without lateral 
hing caused the areas to decrease by 13.6 + 3.7%. 
ction of low-velocity filter setting to 0.19 m/s was 
wed by a 12.2 + 12.5% increase in area, and the 
ition to. 0.47 m/s by a 32.5 + 17.3% decrease in area. 
gnitude nge varied substantially for 
ameter and was particularly great for the small- 
ices. When increasing the sector angle to 60°, the 
nded to increase slightly, on average (2.5 + 
ut this was not significant. 

influence of gain setting on color flow images has 
asly been reported.>-5 Our results confirm the sub- 
l increase of color jet areas with increasing gain 
At high levels artifacts occur. It has been suggested 
yain at a maximal level without appearance of these 
acts. Our protocol with stepwise gain reduction start- 
ym this level showed that there is some kind of 
before the areas decrease steeply. This may facili- 
tandardized gain setting. ‘However, in clinical 
individual ultrasound attenuation has to be taken 
consideration. This may cause different display of 

ble jets in different patients. = = 
Ise repetition frequency and transducer frequency 
Iso been shown to be important determinants of 
flow jet area.*- These parameters are generally 
or the used instrument. Our study demonstrates 
are several more physical variables which have 
een reported before, and which may cause signifi- 
nges in color flow estimates: Sample volume size, 
filtering and postprocessing are independent 
nts of color flow jet area. The influence of low- 


Iters is, in addition, highly dependent on orifice 


> technical variables are frequently not reported 

equipment. It can be assumed that they differ 

ent devices and may contribute to the observed 

nce of jet areas on particular equipment used for 
easurements.> 

sults of this study emphasize that instrument 

have to be standardized to obtain reproducible 
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i SAS 


% CHANGE OF COLOR JET AREA 


vor level O19 and O47 0 te ‘minimal SVS (i mm); NS = 
not significant; SVS = sample vohime size. 


and comparable color flow estimates. As long as general- 
ly accepted technical standards are lacking, differences in 
instrument settings and differences between ultrasound 
devices may adversely. affect the use of uniform color 
Doppler grading criteria. This has to be considered when 
previously published grading criteria are used in clinical 
routine or research studies. 
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sase muscular eR and 
al aS in our patient. a article 


nal intravenous mercury injec- 
I , including echocardiographic 


20-year-old black man pre- 
with a 1-week history of dys- 
ough and a left arm ulcer. 
tion included left forearm, 
chest and abdominal x-rays, all of 
showed findings consistent 
ith metallic mercury (Figures I 
7j. He subsequently underwent 
cal resection of a segment of the 
ilic vein, with confirmation of 
tic and heavy metal thrombo- 
is with evidence of metallic 
ry. It was subsequently deter- 
that approximately I week 
the patient had injected mer- 
ntravenously in a suicide at- 
An echocardiogram showed 

nse material, consistent with 
ury, in the right ventricle and 
ardium (Figure 3). Catheter 
ation of the mercury in the right 
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supine-to-prone or side-to-side posi- 


ventricle was attempted through the 
intravenous route without success. 
Chelation therapy was begun with 
oral penicillamine, but the patient 
failed to return for follow-up evalu- 
ation after discharge. 

Intravenous injection of mercury, 
a rare clinical entity, appears to oc- 
cur most often as a suicide attempt. 
Alternative sources include acciden- 
tal injection during blood gas sam- 
pling (when used as a sealant in sy- 
ringes), as well as intentional intra- 
muscular or intravenous administra- 
tion by athletes to increase muscu- 
lar strength. The term “quicksilver” 
may be the origin of the misconcep- 
tion that mercury quickens a boxer’s 
punches.” 

Sequelae of intravenous mercury 
injection include local and embol- 
ic complications and the syndrome 
known as mercurialism. Local com- 
plications include thrombophlebitis 
and granuloma formation; local foci 
should probably be excised so as not 
to remain as a “reservoir” of mercury 
for continued slow absorption into 
the bloodstream. Distant mercury 
emboli can enter both the right (pul- 
monic) and left (systemic) circula- 
tions. It is speculated that mercury 
traverses the pulmonic capillary bed, 
as it has been demonstrated in sites 
that include the central nervous sys- 
tem, liver, kidney and pericardium.’ 

The echocardiogram is a useful 
noninvasive means to detect intracar- 
diac and pericardial mercury, as was 
the case in our patient. The mercury 
collection was not displaced during 





h interfered wit ; 
ventricular outflow and he 10 
namics is unknown, but its densit 
30 times that of blood. Early during 
the hospital course, the patient felt 
most comfortable lying prone and d 
veloped chest pain while supine. This 
may have been due to dense intracav- 
itary mercury in the right ventricle, `. 
which subsequently embolized pe- — 
ripherally. oe 

Mercurialism has resulted Gon: a 
chronic inhalation of mercurial salts 
and vapors, but is rarely described as 
resulting from intravenous adminis- 
tration. The Mad Hatter in Alice's — 
Adventures in Wonderland probably 
demonstrated central nervous system 
toxicity resulting from inhalation of“ 
mercury used in hat manufacturing; — 



















FIGURE 2. Chest x-ray. Note the de- 
posits of mercury in the lung fields and _ 
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s refle 

of metallic: mercury to the sol- 
uble mercuric ion, which interacts 
] dry! groups and 

terferes with cellular enzyme ac 
on. Oxidation of metallic mercury 
the toxic ion is slow (in contrast to 
ironic inhalation); this may account 
for the rarity with which mercuri- 


: “absorption ¢ oc 


following intravenous injection.®’ In- 
termittent or long-term drug therapy 
with penicillamine or dimercaprol 
should therefore be considered. 
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Marsh DO. Repeated suicide attempts by the intra- 
venous injection of elemental mercury. ini J Psychia- 
iry Med 1988:18:153-167. 
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Reversible “Cardiomyopathy’’ After 
Accidental Adrenaline Overdose 


Alistair |, Fyfe, MBBS, Paul A. Daly, MD, Paul Dorian, MD, 


and Judith Tough, MD 


™ ardiotoxic effects of excess cate- 
#cholamines have been docu- 
mented since their discovery.| We 
report a case of severe ventricular 
dysfunction due to inadvertent ad- 
ministration of a large dose of adren- 
aline with subsequent near complete 
‘recovery of ventricular function. 
A previously healthy 30-year-old 
-woman was admitted for cone biopsy 
-of the cervix. After intravenous in- 
duction, anesthesia was maintained 
¿with isoflurane, nitrous oxide and 
oxygen through a face mask. Cervi- 
cal injection of what was thought to 
be 2% lidocaine was undertaken af- 
‘er confirming that the needle was 
not intravenous. Ventricular prema- 
ture complexes were immediately 
“noted, followed by bigeminy and 
sustained ventricular tachycardia. 
she was given 100% oxygen and lid- 
ocaine,; the rhythm reverted to sinus 
chycardia. Pulmonary edema rap- 
dly ensued requiring intubation. It 
is subsequently noted that the 
rug injected was 1:1,000 epineph- 
ne, to a total dose of 7 mg. Blood 
ressure decreased to 80 to 120 mm 


‘rom the Division of Cardiology, Department 
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ronto Hospital, 200 Elizabeth Street, 
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Hg systolic after a peak of 152/110 
mm Hg. Over the following 4 to 6 
hours, hypotension progressed and 
she was treated with intravenous sa- 
line solution and dopamine. A pul- 
monary artery catheter was inserted; 
the initial cardiac index was 1.8 li- 
ters/min/m’, and systemic vascular 
resistance 2,100 dynes-secm~>. Ni- 
troprusside was temporariiy added. 
The electrocardiogram showed sinus 
tachycardia, incomplete right bun- 
dle branch block and left anterior 
hemiblock. Echocardiography 
showed severe global left ventricular 
dysfunction with normal ventricular 
size. Moderate hypokinesia of the 
right ventricle was seen. The patient 
became increasingly hypotensive 
with arterial blood pressures as low 
as 55/25 mm Hg; nitroprusside was 


pace by decreasing : raai graphic}; = nol ation, Sou 
evidence of mercury over the years 4. Vas 


administration of metallic mere 
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Mercury pulmonary emboli. follow 
self-injection. Br J Dis Chest 19 
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intravenous injection of elemental m 
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[Circulatory distribution of intra injec 
ed metallic mercury]. dd 87 0: 
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withdrawn, while noradrenalii 
phentolamine infusions and int 
aortic balloon pump support ‘were — 
instituted. On this regimen her sys- 
temic vascular resistance stabilizea 
at 1,100 to 1,500 dynes-s-cm™ 

cardiac index of 1.9 to 2.8 lit 


seen within the first 24 hours 

mmol of bicarbonate and cr 
kinase increased to 615 Ujliter 

mal <125 Ujliter) at 24 hour: 
positive MB band. On the secor 
third hospital days, hypotension 
tachycardia continued. By the fo 
hospital day her condition ha 

lized, with a systemic vascul 

tance of 1,000 dynes-scm 
pressure of 75/52 mm Hg and 

ac index of 2.6 liters/min/ 
noradrenaline and phentol. 

fusions were withdrawn. Sedatio 
and paralysis were withdrawn on ` 
day 5 and a repeat echocardiogram — 
revealed slight improvement in left — 
ventricular function, mild hypokir 


TABLE I Adrenaline Overdose—Cardiovascular Status and. ; J 
Hernodynamic Support 


DAY HR BP 


78/44 
78/58 
78/60 
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ricwlir size. On day 6 tl 
rtic balloon pump and dopa- 
ere withdrawn and she was 



















day 10 showed that global left 
tricular ‘function had improved to 
‘mal. A blood pool scan per- 
yrmed at rest before discharge on 
ay 23 showed an ejection fraction of 
%. She is asymptomatic 1 year 
. Table I summarizes the car- 
scular status and hemodynam- 
pport used during the first 9 
‘in the hospital. 
atecholamines are known to 
‘a wide spectrum of cardiotox- 
L Animal studies have shown 
ocardial depressant effects of an 
dant product of epinephrine, 
h causes dose and time-depen- 
irreversible mitochondrial and 
rdial damage.” Dysfunction is 
y functional because of adre- 
c receptor-mediated calcium in- 
which may cause myocardial in- 
-alone or in concert with coro- 
y vasoconstriction. Endogenous 
production of catecholamines 
use cardiac abnormalities in 
nts. with pheochromocytoma, a 
omyopathy, and histologic ab 


















; omplex Coarctation 


Gerard R. Martin, MD 


tent fifth aortic arch is a 
re anomaly, with only 22 cases 
ed.!? Its recognition and suc- 
management when associated 
parctation is even rarer. We 
esent a child with persistent left 
ortic arch and complex coarc- 
ion successfully diagnosed and re- 


| -year-old girl was referred for 
sation of pseudocoarctation of 
oe At 2 years old, she was 
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subarachnoid hemorrhage develop 
focal or diffuse left ventricular dys- 
function,* presumably related to the 
massive sympathetic discharge asso- 
ciated with brain injury, because the 
dysfunction is attenuated by a and 6 
blockade’ and surgical sympathecto- 
my.® These abnormalities are also 
transient in nature with complete re- 
covery documented.’ This report is 
the first recorded case of the nearly 
fatal consequences of inadvertent ad- 


ministration of a very large dose of 


epinephrine, with the subsequent de- 
velopment of a severe catecholamine- 
induced “cardiomyopathy.” Para- 
doxically, after the initial phase of 
massive catecholamine excess, this 
patient required exogenous catechol- 
amines to support the injured, dys- 
functional myocardium and main- 
tain adequate perfusion pressure to 
vital organs. This case illustrates the 
need for aggressive support of pa- 
tients receiving overdoses of cate- 
cholamines, with the expectation 
that, while cardiac function may be 


lace L. Gibbin, MD, Frank M. Midgley, MD, Barry M. Potter, MD, 


noted to have an innocent murmur 
and normal pulses in the legs and 
arms. An electrocardiogram showed 
findings of Wolf-Parkinson-White 
syndrome. At 3.5 years, echocardi- 
ography showed normal intracardi- 
ac structure and “buckling” of the 
aorta. At 4.5 years, a discrepancy 
was noted between the upper and 
lower extremity pulses. A magnetic 
resonance imaging study was inter- 
preted as showing tortuosity and 
elongation of the aortic arch between 
C7 and TI and narrowing of the de- 
scending portion of the thoracic aor- 
ta at T4. 

At presentation, she was asymp- 
tomatic. Blood pressure was 122/76 


vised _ mMm Hg in the right arm, gael hin aortic arch an 
t received and =e Sepember = ‘gin arm an ud 106 mHg ( 


hi ; dysfunction is reversible with ca 
| ~ medical or surgical management of al 
ated. A repeat echocardiogram — -the underlying tumor.? Patients with 


n manuscript for publication, 
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have treated a similar case of a 21- 
year-old woman who received 3 mg 
of adrenaline intravenously for the 
treatment of anaphylaxis. Myocardi- 
al dysfunction persisted for 36 hours 
before resolving completely. 
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the right arm, but diminished in the — 
left arm and lower extremities. — 
Heart sounds were normal, An ejec- 
tion sound and 2/6 systolic ejection - 
murmur were heard at the right up- 
per sternal border. Echocardiogra- — 
phy showed a bicommissural aortic 
valve without significant stenosis or 
insufficiency and a coarctation of 
the aorta. There was aneurysmal di- 
latation of the left subclavian artery. 
Cardiac catheterization showed a 
15-mm Hg pressure difference be- 
tween the ascending and descending 
aorta. Ascending aortic angiography 
showed a competent, bicommissural 
aortic valve and a normal ascending 
aorta that gave rise to 2 anterior, 
left-sided transverse arches. The 
fourth aortic arch gave rise to anin- 
nominate, left carotid and dilate 
left subclavian artery. The fo ! 
arch joined the descending aoi 
the junction of the more cauc 



























































urth aortic arch and the left sub- 
lavian artery and at the junction of 
he fifth aortic arch and the descend- 
ng aorta. The anatomy was con- 
med at surgery. The ductus arte- 
sus ligament was just distal to the 
unction of the fifth aortic arch and 
the descending aorta. A Y-shaped 
incision was made from the descend- 
ng aorta across the coarctation sites 
Figure 1). A patch aortoplasty re- 
air was completed, augmenting 
ath the aaa and d H aortic arch- 


= Persistence of the fifth aortic arch 
a rare congenital defect. Although 
normally only transient, the presence 
of a fifth aortic arch in human em- 


IGURE 1. Left, s chematic drawing of persistent left fifth aortic arch (5) with coarc- 
ons (shaded areas) af the fourth and fifth arches ne comecaaan cepak H 


bryos was described by Congdon.’ 
Persistence of a fifth aortic arch has 2 
patterns, with distal connections to 
either the dorsal aorta or the pulmo- 
nary artery, and may present as ei- 
ther systemic to systemic or as sys- 
temic to pulmonary connection.* 
Persistent fifth aortic arch may 
be associated with congenital heart 
diseases, including cor triatriatum, 
patent ductus arteriosus, tricuspid or 
pulmonary atresia, or both, ventricu- 
lar septal defect, transposition of the 
great arteries, interrupted aortic arch 
and coarctation of the aorta. Coarc- 
tation was noted in 6 of 21 patients 
with persistent fifth aortic arch.! 
Konishi et al? reported a case of per- 
sistent left fifth aortic arch with co- 
arctation of the aorta distal to the 
junction of a dilated left subclavian 





6. Cabrera A, Galdeano J, Leukona I. Persistent left- : 


preat arici and not | 





dure of choice for assessme 
arctation of the aorta. The dilatation 
of the subclavian artery could not be _ 
explained and catheterization was _ 
performed. The imaging sections 0 
the magnetic resonance imag 
study performed at the referri 
pital were too wide to show the p 
sistent fifth aortic arch and double - 
coarctation. Cardiac catheterization 
correctly identified the arch anato- 
my, allowing proper counseling of the | 
family and preparation of a surgical Š 
plan. 
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tricuspid “honk” isa rareand fas- 
\cinating auscultatory phenome- 


ight-sided cardiac pacemaker cathe- 
: a ieee pa valve pont cor 


‘Silverman’s address is: 1968 Peachtree Road, 
el heise oe 30309. DoT re- 










-Michael P. Cecil, MD, and Mark E. Silverman, MD 


and secondary tricuspid regurgita- 
tion. 
A 38-year-old woman presented 
December 1, 1989, with increasing 
lyspnea on exertion for 1 month and 
pedal edema for 3 days. A thrill was 
palpated only on inspiration along 
the right sternal border; a loud $; 
and a split S; with an accentuated 
yulmonic closure sound was present. 
A grade 2/6 holosystolic, high-fre- 
quency murmur was heard at the 
lower right sternal border, which be- 
came much louder, honking in early 
systole during inspiration (Figure 
1). An echocardiogram demon- 
strated a 6.5 X 3.8 cm left atrial 
mass that almost completely filled 
the left atrium and protruded into 
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4-chamber view demonstrating large : 


left atrial myxoma (arrows) almost fill- 
through the mitral valve. The right 
heart is very dilated. 














the mitral valve during diastole 
(Figure 2). The right atrium and. 
right ventricle were dilated. At oper- 
ation, a large left atrial myxoma 
was removed. Before removal, the 
pulmonary artery pressure was 107/ 
55 mm Hg. Five hours later, pulmo- 
nary artery pressure was 62/31 mm 
Hg and the honk could no longer be 
heard. A repeat echocardiogram did 
not demonstrate any tricuspid regur- 
gitation. 

This case adds another cause for — 
a tricuspid honk and a new auscul- 
tatory finding for a left atrial myx- 
oma. Removal of the myxoma al- 
lowed resolution of the marked pul- > 
monary hypertension and, presum- - 
ably, normal coaptation of the tricus- - 
pid valve. 
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he article by Svanegaard.et al! is a su- 
srb contribution to the understanding of 
atrial natriuretic peptide (ANP), because 
the authors took unique advantage of the 
exclusion from pericardial constriction of 
their patient’s left atrium. They cited our 
original contribution on ANP during peri- 
cardiectomy for constriction,’ but it is 
necessary to point out that our patient dif- 
fered significantly from theirs: Our pa- 
tient had chronic constriction, which was 
missed for 8 years before she was referred 
for consultation, and she also had the clas- 
sic form of general constriction involving 
all chambers; their patient conformed to 
one of several anatomic models of local 
constriction? Their protecol was inge- 
nious and they have advanced our knowl- 
edge considerably. I would be grateful if 
the authors would clarify some points that 
may have been more obvious before the 
usual drastic manuscript shortening when 
converting an article to a Case Report. 
On page 119 the authors write that atri- 
al pressure and transmural pressure are 
.“., not the main stimulus for ANP pro- 
 duction.”! But on page 120, they agree 
- with most investigators that “. . stretch, 
-not pressure, is the major stimulus... .” 
since this is indeed the conclusion reached 
` from repeated experiences with cardiac 
tamponade and recently with typical (i.e., 
- generalized) constriction? Yet how do 
- the authors separate stretch from trans- 
- mural pressure? After all, cardiac cham- 
bers do not stretch abnormally unless 
: there is increased transmural pressure. 
_ Another name for transmural pressure is 
“chamber distending pressure”; stretch 
and distention are equivalent. 

_ Anadditional implication of our report? 
and, in some respects, theirs,' is that sig- 
nificant constrictive scarring acts compa- 
_ fably to significant tamponading fluid, in 
that transmural pressure is critically re- 
_ duced or eliminated despite the existence 
of pleural pressure-—comparable to nor- 
-mal pericardial pressure—across the 
‘thick wall formed by the heart plus con- 
_ stricting pericardium. In cardiac tampon- 
ade, where average ventricular diastolic 
and intrapericardial pressures become 
i equilibrated, one assumes no effective av- 
erage transmural pressure, whereas be- 
fore their investigation’ and ours,’ one 
‘might have assumed that pleural pressure 
~ in constriction might have had some effect 
_similar to normal pericardial pressure. 
That effective transmural pressure only 
existed in the authors’ patient’s left atri- 





_elters (from the United States) concerning a 

particular article in the Journal must be re- 
ed within 2 months of the article's publica- 
and should be limited (with rare excep- 
-F double-spaced typewritten pages. 
s must. be submitted. Ea 


van cancelled or buffered an} ; effective 
transmural pressure. 

Finally, the hypothesis about ANP and 
its possible causative role in pulmonary 
edema was pointed out previously.? They 
list that report as reference 6, but curious- 
ly do not cite it in the text. [Editar’s note: 
Reference 6 was cited in the authors’ 
original manuscript, but due te a typo- 
graphical error appeared as a second ci- 
tation of reference 5. See page 120, col- 
umn 2, paragraph 2, line 10.'| Nonethe- 
less, the authors’ brilliant exploitation of 
the unusual anatomic distribution of the 
constricting lesion indirectly supports this 
hypothesis. While the right atrium is 
much less likely to escape constriction,’ 
such an unlikely event should be equally 
exploitable. 

These remarks are made to seek clarifi- 
cations rather than to criticize adversely 
an excellent and extremely valuable re- 
port. 

David H. Spodick, mo, ose 
Worcester, Massachusetts 
23 July 1990 
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REPLY: We agree that stretch and disten- 
sion are equivalent and that this is the 
main stimulus for ANP. The question is 
whether stretch and transmural pressure 
are equivalent. It is correct that cardiac 
chambers do not stretch abnermally un- 
less there is an increased transmural pres- 
sure. In constrictive pericardial disease, 
stretch is not possible because of the com- 
pression against the calcified pericardi- 
um. In the restricted areas of the heart, we 
have considered the pleural pressure to be 
equal to intrapericardial pressure and the 
pleural pressure is believed to be equal 
before and after operation. The trans- 
mural atrial pressure is in this way deter- 
mined by the average atrial pressure, 
which was found to be increased before 
operation (and increased further during 
exercise). When the calcified pericardium 
is removed by operation, the decompres- 
sion makes the transmural pressure de- 
crease. As pointed out in your report (ref- 
erence 2 of your letter, page 1324) trans- 
mural pressure is expected to decrease 
after pericardiectomy, but as ANP is in- 


| erani wien stretch i is ponte after op- 
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Ejection Fraction and Ind idu 
Sustained Ventricular 
Tachycardia 

















































In a retrospective study fon thë Phila- : 
delphia Arrhythmia Group! on patients 
with spontaneous nonsustained: ventric 
lar tachycardia (VT) after myocardial in- 
farction, the authors concluded that “lef 
ventricular function had only minimal: 
fect on the result of electrophysiologic 
testing.” This statement may not have > 
been adequately supported by the investi- 
gators’ data. The following limitations of 
the study could be cited: (1) Left ventricu- : 
lar ejection fraction was not determined in 
17% of the study patients, who were as- 
signed to groups with no, mild or sev 
impairment of left ventricular functior 
only on the basis of New York Heart As 
sociation classification. (2) The time in- 
terval between evaluation of left ventricu- ` 
lar function and programmed ventricular.” 
stimulation was not specified. (3) Statisti- 
cal analysis may not have been carefully ~ 
performed. Based on Figure 1, sustained 
monomorphic VT was induced ing of 47. 
patients (17%) with preserved left ventric- 
ular function (ejection fraction >50% or- 
New York Heart Association class I) vi : 
sus 40 of 88 patients (45%) with se 
impaired left ventricular function: 
tion fraction <35% or New Yor! 
Association class ITI or IV). This di 
ence is highly significant by chi-sqi 
test with Yates’ correction for contir 
(chi-square = 9.6, p <0.002), > 

Thus, the study from the Philadelphia = 
Arrhythmia Group is concordant with - 
previous investigations in showing that 
ejection fraction is an important determ: 
nant for the induction of sustained V’ 
A prospective study from our labor: 
on 105 patients with po 





































tion <40% and in only 3: of 56 cases ah n 
ejection fraction 240% (39 versus 5%, po 

We agree with the authors who feel that 
the prognostic role of ejection fraction 
studies and programmed stimulation in. 
patients with spontaneous nonsustained 
VT requires further assessment. There 
strong evidence that ejection fraction 
studies, together with the signal-averaged a 







| electrocardiogram, may be used for strati- 
fication of these patients into groups at... 
“= or low risk for induced ee oe 











eran 3 ST Finally, there | is 
e that patients with no late 
nd no inducible sustained VT 
ith ejection fraction >40% may be 
ed safely off antiarrhythmic drugs, 
. low risk of sudden cardiac death.’ 

Gioia Turitto, mo 
Wichita, Kansas 
Nabil El-Sherif, mo 
Brooklyn, New York 
6 April 1990 
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Drs. Turitto and El-Sherif cite 
ons of the study.” The fact that 

ie patients did not have direct 
ment of left ventricular function 
to have impacted on a study of 
s, especially when a functional 
ent was available. We would refer 
iT and El-Sherif to a sentence that 
have missed in the results sec- 
he results remained unaltered 
zed data only for patients 
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Nearly all of the patients had both studies 
during the same hospitalization. Because 
at least | month had elapsed between the 
infarction and study, we doubt that the 
arrhythmic substrate was in a state of 
flux. 

We believe that Turitto and El-Sherif 
may have overinterpreted our conclusion 
regarding the impact of left ventricular 
function on the results of electrophysio- 
logic testing. It is obvious that more pa- 
tients with poor left ventricular function 
are inducible to sustained monomorphic 
VT than those with well preserved ejec- 
tion fractions. That observation has been 
made by a variety of investigators includ- 
ing ourselves.’ This finding is relatively 
meaningless without some information re- 
garding the prognostic value of inducibil- 
ity. The crux of the question is whether 
the results of programmed stimulation 
can be used either to ferret out the individ- 
ual at risk or to select therapy. The arti- 
cles referenced by Turitto and El-Sherif 
do not provide conclusive evidence in this 
regard. The papers by Furukawa,’ Bux- 
ton,* Turitto’? and their co-workers deal 
only with the issue of inducibility and do 


not address the question of long-term 


prognosis. Gomes et al® did attempt to 
follow patients but treated inducible pa- 
tients with drugs selected in the electro- 
physiology laboratory and also treated 
a substantial percentage of noninducible 
patients with “prophylactic antiarrhyth- 
mic therapy.” Turitto’s most recent 
study’ reported a 34% cardiac mortality 
in inducible patients that apparently was 
not statistically different from a 19% 
mortality in patients without inducible 
sustained VT/fibrillation. None of these 
studies have the statistical power or ho- 
mogeneity of ours, in which nearly half of 
the patients who experienced VT or a car- 
diac death during the follow-up period 
had been noninducible in the electrophysi- 
ology laboratory. Whether or not signal- 
averaging can improve the chances of pre- 
dicting an event-free follow-up in these 
patients remains to be seen but admittedly 
appears promising.* 

The decision to leave low-risk individ- 
uals untreated and to treat inducible pa- 
tients aggressively is based on conflicting 
information, all of which is contaminated 
by the fact that patients enrolled in trials 
to date have been treated with antiar- 
rhythmic drugs in the follow-up peri- 
od, treatment that may have been respon- 
sible for a worse outcome in the more im- 
paired patients. Inducing sustained VT in 
asymptomatic patients may open a Pan- 
dora’s box that the unwary physician may 
wish had never been unlocked. Until a 
prospective study is completed in which 





ular eject rac na pre RA 

ntricular stimulation; but we tion inv 
y son to suspect that there was = 
an. inordinate delay between the 2 tests. 


high-risk P are studied and fol- 
lowed withor arrhythmic drug a4 
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Quadricuspid Aortic Valve 


We recently read the recent article b 
Feldman et al' describing their echocar 
diographic experience with quadricuspi 
aortic valves. It was of interest to note th 
great similarities in the diagnosis and oc 
currence of quadricuspid aortic valves di 
agnosed by 2-dimensional echocardiogra 
phy and that of large autopsy serie 
While the occurrence of quadrict 
aortic valves is rare, it may well be see 
physicians working in busy echoca 
graphic laboratories. wi 
The embryology of this rare oç X 

of interest and is as follc 


























e center of the cae orifice. It 

been suggested that an abnormal 

aber of cusps result from developmen- 
changes in the early stages of truncal 
paration. The outcome is either a dys- 
mmetry in the number of primordial 
valve cusps or abnormal proliferation or 
on of these mesenchymal buds, result- 
ing in 4 subendothelial buds appearing in 
ther the aortic or pulmonary trunk.’ A 
ue 4-cuspid valve has corpus arantii on 
ch cusp, indicating that the valve re- 
ited from abnormal embryogenesis; a 
seudo-quadricuspid valve is secondary to 
bacterial endocarditis or rheumatic valvu- 


We applaud the authors of this fine re- 
port for their time and dedication in 
the review of almost 100,000 echocardio- 
graphic studies to provide the data de- 
scribed in their article. 

Shale Gordon, mp 
Michael Butler, cvr 
Bellflower, California 
25 April 1990 
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Ca 
Using the Femoral Venous 


Tread with interest the article by Goy et 
_al! on right ventricular endomyocardial 
biopsy in cardiac transplant recipients. 
Several points deserve comment. The 
femoral vein technique of myocardial bi- 
opsy is now commonplace in all centers 
that do a fair number of transplants and 
endomyocardial biopsies. The technique 
s well described! but misleading. Specifi- 
cally, confirmation of the position of the 
dioptome against the ventricular septum 
important. In my experience with the 
ansfemoral myocardial biopsy tech- 
nique in >500 patients, 2 cardiac perfora- 
ons have occurred (with tamponade), 
both in patients with dilated cardiomyop- 
hy. No complications of this nature 

e identified in our subset of transplant 
ecipients (>90 patients with >3 biopsy 
‘edures per patient). In addition, we 
caution operators to open the biopsy j jaws 
1in the sheath before exiting it, to in- 
that the open jaws contact the myo- 
ium and to avoid perforation by the 


unded closed jaws.. Our. colleagues ono 


f We ae fou nd pA tissue of ians 


plant patients “denser” (i.e., more diffi- 
cult to biopsy) than that of myocarditis 
or idiopathic dilated cardiomyopathy pa- 
tients. In their 16 patients, they apparent- 
ly did not encounter fibrotic tissue, which 
occasionally occurs in patients who under- 
go multiple biopsy samplings. If more of 
their patients had been followed for sever- 
al years, it is likely that some samples 
might have indicated fibrosis from repeat- 
ed biopsy sites and/or sufficient material. 
I agree that transfemoral myocardial bi- 
opsy is a safe and common practice, but, 
unlike Goy et al, | advocate cautious cath- 
eter placement to avoid biopsying the 
right ventricular free wall or apex, the 


thinnest portion of the heart. 
Morton j. Kern, mo 
St. Louis, Missouri 
30 April 1990 
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Vasomotor Properties of 
internal Mammary Arteries, 
Saphenous Vein Bypass Grafts 
and Native Coronary Arteries 


The results of the study by Hanet et al! 
were identical to those recently reported 
by Kitamura et al.* In each ofthe 10 pa- 
tients studied by Hanet et al after coro- 
nary artery bypass surgery, the left inter- 
nal mammary artery graft was used with 
concomitant saphenous vein grafts. | won- 
der if Hanet et al compared the internal 
mammary artery grafts with the saphe- 
nous vein grafts with regard to their re- 
sponses to ergometrine and isesorbide di- 
nitrate. Such a comparison would not only 
be interesting but have important clinical 
implications. If saphenous vein bypass 
grafts behave more like the native coro- 
nary arteries in their responses to ergo- 
metrine and isosorbide dinitrate, then the 
internal mammary artery will be the con- 
duit of choice for bypassing net only coro- 
nary arteries with fixed obstructions but 
also coronary arteries that develop spasm 
in variant angina or in the “variant of the 
variant.” 


Tsung 0. Cheng, mo 
Washington, D.C. 
3 May 1990 
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REPLY: We did not comp: 

of internal mammary arter) 
nous vein grafts to ergomet 
sorbide dinitrate in the sam 
tients. This would have ute C 


affected the EE @ of 
graphic measurements. a 


ergometrine (3.37 + 0. 70 to 3, 37 pi 6 

mm) and only a slight vasodilation was 

observed in 3 patients after isosorbide | 

nitrate (mean, 3.44 + 0.69 mm). Th 

mean difference between minimal; 

maximal lumen diameters appeared to 

smaller for saphenous vein grafts | 

+ 0.04 mm) than for mammar 

grafts (0.25 + 0.14 mm),! suggesting th: 

quantitative differences in responsiver 

to pharmacologic interventions exist | 

tween both types of grafts. This pheno ç- 

non could result from differences in endo- 

thelial function but also from structural 

differences between internal mamma 

arteries and segments of saphenous veins 

transferred into the arterial circulation 
If the vasomotor properties of intern 

mammary arteries could have some 

ologic implications in regulating m 

dial blood flow after surgery, ex 

tion of these data to the surgic: 

ment of variant angina may be ha: 

Although rare, spontaneous spas 

both saphenous vein? and intern 

mary artery grafts?“ several month 

bypass surgery have been reported 

absence of vasospastic response to i 

metrine in our patients (none of who 

had variant angina) does not preclude: 

existence of a loca! hypersensitivity te 

or to other stimuli in some cases 


4. Hanet C, Wijns W, Decoster P, Pe 
Dion R, Rousseau MF. Angiographi 
tion of vasomotor properties of interr 
mary arteries before and after coron 
tery bypass grafting in men. Am. F: d 
1990:65:918-921. 

2. Walinsky P. Angiographic document: 
spontaneous spasm of saphenous vein. 
artery bypass graft. Am Heart J 19 
292. : 

3. Kong B, Kopelman H, Segal B 

AS. Angiographic demonstration ı 

left internal mammary artery uses 


_to kag! lef t anterior descending 7 





s coronary vasodilator reserve 
sed to assess the hemodynamic 
nce of epicardial coronary artery 
and microvascular flow,? little 
as been focused on the adequa- 
‘size of epicardial arteries per se. 
et al‘ suggest that absolute coro- 
ension may be important. While 
hors apparently did not take into 
the exponential relation between 
“and flow, they raise some inter- 


AD is assumed to be of constant 
mm), 4 cm in length’ and non- 
ig. A pressure head (Pi — Po) of 
gis assumed using a mean aortic 
of 80 mm Hg minus a mean right 
essure of 5 mm Hg. Basal blood 
{n) is 2.7 dynes s/cm? and a con- 
tor of 10° dynes em7?/7.5 cm 
oC ed. The equation now reads: 


4 (7.5 em Hg)(10° dynes cm™*/ 
7.5 em Hg)(0.2 cm)* 
- 8 (2.7 dynes s cm77(4 cm) 


alculates to a potential maximum 
81 ml blood/s or 349 ml/min 
LAD. Mean resting LAD (or 
iac vein) flow has been mea- 
70 mi/min.?> Using the ratio 
mum to basal flow, the coronary 
tye would be fivefold, which 
pproximates the findings during 
ole- or hyperemia-induced va- 
nin man.! However, if a 3-mm 
LAD were supplying the same 
bed, the potential maximum flow 
.84 ml/s or 110 ml/min and the 
ve would decrease abruptly to 
Thus, a 25% smaller radius 
ssociated with a 68% reduction 


he multiple assumptions that 
made, this mathematical mod- 
imics physiologic conditions. 
: concept of flow limitation by 
een well recognized in hy- 

rein the mass of muscle 


pply,? the normal physio- a 


At epic 
ascular abnormalities. Arboration of the 


“arterial tree should lead to an increasing 


total cross-sectional area; therefore, the 
microvasculature should not be the physi- 
ologic limit to maximum flow. Is it possi- 
ble that some patients with relatively 
small but “normal” epicardial coronary 
arteries outstrip supply during exercise? 
Would such patients show increased sus- 
ceptibility to vasomotor modulations? Is 
this similar to skeletal muscle pain on ex- 
ertion? Is this yet another etiology of an- 
ginal chest pain with normal coronary 
arteries? The findings of Kimball et al? 
suggest that these questions need to be 
asked and answered. 
E. Joseph Bauerlein, mü 
Kenneth M. Kessler, mo 
Miami, Florida 
17 May 1990 
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intravenous Amicdarone for 
Conversion of Atrial Fibrillation 
to Sinus Rhythm 


I read the article by Noc et al! in which 
they point out the lack of studies where 
amiodarone is used to terminate atrial fi- 
brillation. I call the attention of the au- 
thors and readers to two other publica- 
tions on this subject. Faniel and Schoen- 
feld? gave intravenous amiodarone to 26 
consecutive patients with atrial fibrilla- 
tion and rapid ventricular response. An 
80% conversion to sinus rhythm was seen 
within 24 hours, with a mean conversion 
time of 177 minutes. We?“ also gave in- 
travenous amiodarone to 26 patients with 
paroxysmal or new atrial fibrillation: 12 
patients (46%) reverted to sinus rhythm 
within the first 30 minutes (mean 14 + 9); 
1 converted to atrial flutter within 10 min- 
utes and to sinus rhythm 40 minutes later. 


An additional 6 patients (23%) converted 
to sinus thythm after 2 to 8 hours, where- 
| om ) required. other medi 


z iperior to verapamil (an 
in i converting: atrial fibrillation t 


rhythm. z 
Petah-Tikva, Isr 
18 May 1990: 
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Do Multiple Short Bouts of 
Exercise Really Produce the 
Same Benefits as Single Long 
Bouts? 


In a recent article by DeBusk et al,!' it: 
was concluded that multiple short bouts: 
of moderate-intensity exercise (three 10- 
minute bouts/day) increased peak oxygen 
uptake significantly and were as effective 
as single long bouts of moderate-intensity 
exercise (one 30-minute bout/day) in pro- 
ducing training effects. We wish to ad- 
dress several problems with the methodol- 
ogy and overstated conclusions of this 
study. 

First, it must be emphasized that the 
authors only measured functional capaci-. 
ty as assessed by VO, max and submaxi-. 
mal exercise parameters. An increase in 
functional capacity is but one potential 
benefit of aerobic exercise. | 

Second, entry criteria allowed som 
subjects to have been exercising by j j 


exercise in some subjects would have b 
almost as much as they did during the 
week experimental period. If they ex 
cised at 70 and 71% of their peak hea 
rate, this would have been the equival 
of about 54 to 56% of VO, max. If. 
above is true, and subject log records s 
to verify this fact, then these subje 
could not have been jogging. The me 
pre-VO, max was 33.3 in the long-bo 
group and 32.1 in the short-bout gro 
Fifty-five percent of 33 ml/kg/minis 
ml/kg or 5.2 METs. The American Col 
lege of Sports Medicine equation for en 
gy cost of running at 5.0 mph on a le 


ground predicts 8.6 METs or 91% of thes 
‘ subjects’ VO? max.’ kr 

















; a a T7 5% increase : (WO, max in- 
‘creased from 32.1 to 34.5 ml/kg/min). 
In addition, a change of 2.4 ml/kg/min 
(7.5%) is hardly outside the range of mea- 
surement error for computer-based indi- 
rect calorimetry and biologic variabili- 
tye 
_ Therefore, it is difficult to accept the 
lusion that “multiple short bouts of 
derate-intensity physical exercise pro- 
se significant training effects.” It does 
he population a disservice to suggest that 
ne same benefits can be derived from 
ultiple short bouts of exercise, when, in 
‘fact, the results demonstrate a “practical- 
ly” unimportant (though “statistically” 
gnificant) change in maximal oxygen 
ptake. The multiple short-bout exercis- 
rs experienced only little more than half 
57%) the increased peak oxygen uptake 
xperienced by the long-bout exercisers. 
his study does not even address the like- 
ly ineffectiveness of multiple 10-minute 
‘bouts/day of exercise on improving coro- 
nary risk factors. Finally, I would contend 
that many persons would find it more im- 
practical to change into exercise clothes 3 
times per day. In fact, the total time de- 
voted to exercising per day would be 
greater when performed in this manner. 
While it is important to encourage all sed- 
entary individuals to “move about,” it is 
equally important to indicate to the popu- 
lace that there is an essential and an opti- 
mal amount of exercise or physical activi- 
ty that is necessary for deriving the most 
return for the time invested. DeBusk et al 
did not convince us that multiple short- 
bout exercise is a viable alternative to sin- 
gle long-bout sessions. It is our opinion 
that a more appropriate conclusion based 
on the results of this study would have 
been: although 3 repeated 10-minute 
-bouts of aerobic exercise per day pro- 
duced a modest increase, sustained, con- 
tinuous 30-minute bouts resulted in a 
significantly greater increase (43%) in 
VO, max. Therefore, continuous 30-min- 
ute bouts of aerobic exercise, performed 
5 days/week (ironically, about 1,500 to 
2,000 kilocalories/week) are preferred 

over three 10-minute bouts. 
Tom LaFontaine, Pho 
Linda Robbins, ms 
Columbia, Missouri 
1S June 1990 
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varia ilityi in maximum aerobic | power fed Sei 


REPLY: LaFontaine and Robbins state 
that we measured functional capacity 
only in relation to increased VO, max and 
decreased submaximal heart rate. In fact, 
we also measured treadmill exercise time, 
a measure of increased endurance, and 
found a comparable (12%) increase in 
subjects completing long and short bouts 
of exercise. Heart rate at submaximal ex- 
ercise also decreased to a comparable ex- 
tent (6%) in both groups. Only YO, max 
was significantly different between the 2 
groups, i.e., a 7.6% increase in the short 
bouts versus 13.9% in the long bouts. 

While LaFontaine and Robbins are 
technically correct in stating that subjects 
could have been performing substantial 
amounts of exercise before participation 
in the study, few subjects were as active as 
they suggest. Randomization would ac- 
count for the allocation of such active sub- 
jects to the 2 groups. In any event, inclu- 
sion of such subjects would have increased 
the difficulty of demonstrating an in- 
crease in functional capacity with either 
exercise regimen, 

LaFontaine and Robbins question 
whether a 7.6% increase in VO. max in 
the short-bout group is clinically mean- 
ingful. An increase in treadmiil duration 
and decrease in submaximal exercise 
heart rate, which occurred to the same 
extent in both groups, have both been as- 
sociated with lower coronary heart dis- 
ease mortality.'? In any event, higher val- 
ues of VO, max would almost certainly 
have been achieved by a study period >8 
weeks. 

In the studies of Paffenbarger? and 
Leon‘ and their co-workers, im which ex- 
ercise reduced coronary risk, leisure time 
physical activity was performed primarily 
in bouts of substantially <i0 minutes 
each. Indeed, aggregate measures of lei- 
sure time physical activity in both studies 
more closely approximated 3 short bouts 
than a single long bout of exercise. In light 
of such data, it is hard to understand La- 
Fontaine and Robbins’ apparent enthusi- 
asm for longer bouts of exercise as a meth- 
od to reduce coronary risk. 

The notion that only exereise training 
bouts of 220 to 30 minutes bestow physio- 
logic or clinical benefits stems in large 
part from the circumstances in which ex- 
ercise training has been conducted in re- 
search laboratories. In that environment, 
it is distinctly more efficient to train indi- 
viduals in single 20- to 30-minute bouts 
than in multiple bouts as short as 10 min- 
utes. However well justified such a policy 
may be in research, it is overly restrictive 
as the basis for advice to the public. If 


patients hear from physicians and other | 
authorities that only exercise performed _ 
continuously for 20 to 30 minutes pro- D; 


duces hpalth benefi ts such. as + increased 






ous O miie bous of aer 
performed 5 days/week ... 4 
over three 10-minute bouts. 
tion is, preferred by whom’ 
by the public: Trends toward 
ticipation in physical exercise by 
cans during the past 2 decades hav 
lized or reversed.*° Even the staunchest 
defenders of the One True Church of 30- 
minute exercise bouts 5 times per 
must have noted a shrinking of the con- 
gregation, in part because the pu 
moved to more convenient and enjoyable 
regimens. We believe that many 
would be encouraged to participate 
ular physical exercise if they perceived 
benefit from shorter bouts of exercise 
any event, it is for the people themselv. 
decide which regimens are preferable. La- 
Fontaine and Robbins may be surprised to = 
learn that the public’s overriding interest 
in exercise focuses not on increased fur 
tional capacity, but on weight reduction 
and weight maintenance. The c 
fects of short and long bouts of ex 3 
are virtually identical and the degree o 
weight loss in this study—2 pounds over | a 
weeks—reflects this. “o 
In the era of glasnost, it would bei ina p- 
propriate for the medical profession to ig- 
nore the needs of a public desperately 
striving to break the shackles of obesi 
and physical inactivity. Will we provide 
them all available means for doing so, 9i 
will we ourselves be shackled by ai 
nic orthodoxy? < 
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iz: eel ro others 5 We na th gh 
ly variable response to dipyridamole be 
-tween ‘patients, resulting in consider- 


aii et sal report that Doppler faterro- 
of aortic flow during dipyridamole 
s highly sensitive in the detection of 
1yocardial ischemia. Numerous exercise- 
doppler studies have emphasized the lim- 
tations of this approach in detecting coro- 
ary artery disease (CAD).? We would 
ike to make the following points. 

rst, the aim of the study was to estab- 
1 whether the dipyridamole-Doppler 
sould detect myocardial ischemia and 
his question remains unanswered. Ex- 





pler indexes to do this have failed, ex- 
in special situations such as during 
aneous transluminal coronary angi- 
sty or during coronary ligation stud- 
animals.’ To answer the question, 





‘the test need to be compared with 
atched CAD patients who did not, 
is Agati et al compared their CAD 
üp- (some of whom did not develop 
mia) with a control group. 

econd, 3 group H patients showed an 
ease in Doppler parameters despite 
currence of new wall motion abnor- 
es, which the authors speculate 
have been due to the development 
ipensatory hyperkinesia in normal 
rdial segments. Was this seen in 
patients or in any of the others with 
tion abnormalities? 

d, although no CAD patient had 
est wall motion abnormality, the 
ie ejection fraction is not given; be- 
22 of 29 CAD patients had mul- 
sel CAD, this is likely to have been 
nal in a proportion. Impaired pre- 
ventricular systolic and diastolic 
on could account for the increase in 
ntricular end-diastolic pressure, 
se in stroke volume and minimal 
in peak positive left ventricular 
nduced by dipyridamole in the 
oup: These changes could there- 
resent the interaction of a hemo- 
hange with an abnormal ventri- 
than be a manifestation of myo- 
schemia. Similarly, patients with 
er coronary angiographic jeopardy 
may have had poorer left ventricu- 
ction, which would account for the 
ntly higher sensitivity of Doppler 
‘in this subgroup. 

baseline (temporal) variability is 
greater than intraobserver and 
ver variability (because it incor- 
Intraobserver, physiologic and 
ariation) and is much more rel- 
rial measures, but is not quoted. 
ied 40 patients during dipyrida- 
and compared CAD patients 
ed ischemia with those who 
g 2-dimensional echocardio- 
- electrocardiographic crite- 






mental and clinical attempts to use > 


patients who developed ischemia . 


‘ated 
ere well-matched for base- ._ to trai 
cular systolic and diastolic 

Doppler. indexes of- aortic. flow. s 





able overlap in the changes in Doppler 
indexes between groups. We also found 
that Doppler parameters of global left 
ventricular systolic function are generally 
preserved in the setting of localized isch- 
emia unless ischemia is profound or asso- 
ciated with left ventricular dilatation. The 
effect of the marked drop in systemic vas- 
cular resistance induced by dipyridamole 
on aortic flow probably overrides the ef- 
fect of localized transient left ventricular 
dysfunction, which is, in any case, com- 
pensated for by hyperkinesia of nonisch- 
emic myocardium, a common observation 
in our patients. 

Peter Mazeika, mace 


Petros Nihoyannopoulos, mo 
Celia M. Oakley, mo 
London, United Kingdom 

18 June 1990 
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Cardiac Transplantation and 
Cancer 


In their recent article, Edwards et al! 
concluded that a history of neoplastic dis- 
ease need not serve as a contraindication 
to cardiac transplantation. However, we 
feel that their results do not support this 
conclusion. It must be noted that the total 
number of patients is small (n = 7) and 
the selection criteria are not clear. Despite 
“careful” selection, overall survival at | 
year was 57%, which compares poorly 
with the overall survival figures of 85% at 
} year quoted by the International Society 
for Heart Transplantation.” The type and 
extent of. malignant disease must be eval- 
ihe care. u PEA 3O Dne 













underwent retianeplanta 
i rejection Ea TI 












only Cardio aie effects of chemothera- ‘ 
peutic agents and radiotherapy without ~. 
considering other systemic side effects, in- 
cluding pulmonary disease. Treatment- 
related respiratory failure was the cause 
of death in | patient and suggests inade- 
quate preoperative assessment. 

We agree that transplantation is feasi- 
ble in carefully selected patients who: 
“cured” after treatment of malignant. 
ease, but is it a prudent use of scarce do: 
resources? It is not our practice to tran 
plant patients who are known to have ma 
lignancy. 
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Atrial Septal Aneurysm as a 
“Newly Discovered” Cause of 
Stroke in Patients with Mitral — 
Valve Prolapse 




















The recent report of an increased preva 
lence of atrial septal aneurysm (ASA) in 
mitral valve prolapse (MVP)! has impor- 
tant clinical implications besides estab- 
lishing a definitive association. The latter. 
was first brought to our attention in-.~ 
1984.23 Be 

ASA is often associated with interatrial 
shunting,’ which can, in turn, lead to 
paradoxical embolism.® Systemic embo- 
lism, especially into the cerebral circula- 
tion, is one of the serious complications of 
MVP, which is otherwise a benign and 
common condition.’ The most likely cau: 
of cerebral ischemic attacks and strokes in. 
patients with MVP is embolism of a non 
infective contact thrombus, originating 
ther from the atrial surface of the prolap 
ing mitral leaflet or in the angle for 
the junction of the left atrial i 
and the atrial surface of th 














it lick, which is the only suecultatory 
clue to the presence of ASA,’ is a common 
- finding in MVP. The recent surge in the 
reported prevalence of ASA is certainly 
the result of increased use of echocardi- 
- ography, both precordial!® and transe- 
sophageal,'' and increased awareness of 
-the entity. The true prevalence of inter- 
atrial shunting in ASA might have been 
underestimated before the routine use of 
contrast echocardiography in conjunction 
th performance of the Valsalva maneu- 
iis “newly discovered” cause of stroke 
ients with MVP also has an impor- 
herapeutic implication. The embolic 
ere would make what would other- 
ave been a simple anatomic curios- 
potentially serious anomaly. This has 
me authors to propose surgical re- 
ASA associated with systemic em- 
1, irrespective of its size, in order to 
nt the risk of embolic recurrence and 
id the need for lifelong anticoagu- 

herapy.'4 








































Tsung O. Cheng, mp 
Washington, D.C. 
30 July 1990 
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interaction Between Amiodarone 
and Phenytoin 


Nolan et al! reported an interaction be- 
tween phenytoin and amiodarene. Al- 
though they clearly demonstrated an in- 
teraction between amiodarone and phe- 
nytoin (probably involving enzyme in- 
hibition), we are concerned about some of 
the conclusions drawn. 

First, the recommendation that a dos- 
age reduction of phenytoin by 25 to 30% 
be made after the addition of amuodarone 
may lead to serious errors. Phenytoin dis- 
plays Michaelis-Menten (MM) kinetics 
(at therapeutic concentrations}? and a 
25% dosage reduction would, by the equa- 
tion below, reduce the plasma concentra- 
tion by 50 to 75%, from 10 and 20 mg/ 
liter, respectively: 


Css dose/day X Km 
Vm- dose/day 


This could lead to poor control of epi- 
lepsy or arrhythmias, and possibly to 
withdrawal symptoms. According to the 
equation, Nolan et al should have recom- 
mended a dose reduction of orly 10% to 
maintain the mean concentrations of 
phenytoin before the addition of amioda- 
rone (6.7 mg/liter). 

Second, quoting clearances has little 
relevance to drugs that display MM kinet- 
ics, because the elimination rate is vari- 
able, depending on serum concentration. 

Third, the study title included the term 
“steady-state,” which may be misleading 
because amiodarone has a half-life of 25 
+ 12 days? and would not be expected to 
be at steady state at the time of the study. 
If steady state had been achieved, the de- 
gree of enzyme inhibition may well have 
been greater than that seen. 

We conclude that the data presented by 
Nolan et al is sufficient only to prove that 
an interaction does exist and that a dosage 
reduction of phenytoin may be required. 
Clearly this is a case for increased thera- 
peutic drug monitoring and net for specif- 
ic guidelines that are inappropriate. 


+" + 


S.K. McKenzie 
Christchurch, New Zealand 
2 August 1990 
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Cheng and Jusko* discuss the 
: “time-averaged. clearance,” wh 
inversely in relation to dose, é 
+ can a be calculated i in a manne r 







reduction in phenytoin de 
comitant amiodarone is. inst 
following way. Grech-Bela 
strated that the depressive effect 
darone on aromatic ring hydrox 
occurred via competitive inhibition 
that phenytoin principally unc 
matic ring hydroxylation to for 
hydroxyphenyl)- -5-phenylhydantoin,? 
assumed that amiodarone competitive 
inhibited phenytoin metabolism. Whe 
competitive inhibition of substrate ( : 
phenytoin) metabolism occurs, the Km of : 
the metabolic reaction is increased.2 Km _ 
is the concentration at which substrate 
metabolism is 50% of Vm, the maximu: 
rate of substrate metabolism. Theref 
in the equation presented by Duffull and 
McKenzie, the observed steady-state in- 
creases in serum phenytoin concentra- 
tions during concomitant phenytoin and — 
amiodarone treatment should have oc- | 
curred in proportion to the amiodarone- 
mediated increases in the Km of: pheny- 
toin. The percent decrease in the dos 
phenytoin required to maintain pr 
darone serum concentrations is variab 
but dependent upon both the baseline K 
and the percent increase in Km. caused yy 
amiodarone. For example, assuming an. 
average Vm of 7 mg/kg/day,’ and using | 
the mean daily dose of phenytoin of 250 — 
mg/day, a calculated Km of 7.4 ng/ml - 
would be expected from our pre-amioda- — 
rone mean concentration of 6.7 pg/n 
To achieve our observed mean phenyto 
concentration of 10.3 ug/ml aft 
dition of amiodarone, the 
is 11.4 ug/ml, a 54% increa 
line. A 22% reduction in the 
phenytoin would therefore | 
achieve the pre-amiodarone 
tion of 6.7 ug/ml. It appears fro 
calculations that Duffull and McKenz — 
used average estimates of Km and Vm, 4 
ug/ml and 7 mg/kg/day,’ respectively, 
but did not take into account any changes »- 
in the Km of phenytoin during coadm 
tration with amiodarone. Interestin, 
the first case report by McGover: 
their patient required a 33% reductio 
the dose of phenytoin when concurre 
receiving amiodarone in order to achieve _ 
serum concentrations of phenytoin similar i 
to those with phenytoin alone. a 
Second, we do agree with Duffull and 
McKenzie that clearance is a term most ` 
appropriately reserved for drugs that dis- 
play first-order rather than Michaelis- 
Menten (MM) pharmacokinetics. H 
ever, in our paper we purposefully us 
the term ‘ ‘approximate oral clearance fo 
phenytoin” in order to convey to 
that we were only estimating the clea 
ance of phenytoin, a drug that demc 
strates nonlinear or MM ki 
drugs that demonstrate MM ki 
















































































































ng first-order kinetics. 


rs with the term “steady-state.” 
ton the study by Gugler et al, the 
henytoin concentrations at the doses we 
istered should have been at steady 
tate after 14 days of dosing. We do agree 
at amiodarone concentrations after 6 
d one-half weeks (i.c., 45 to 46 days) of 
ily administration of amiodarone were 
ybably not at steady state. However, if 
erage half-life of 25 days is assumed 
miodarone, then our subjects were 
proximately at 75% of steady state, 
ng amiodarone follows first-order 
lacokinetics. 
nclusion, we feel that a 25% reduc- 
he daily dose of phenytoin for pa- 
eceiving 3 to 4 mg/kg/day is a 
lable initial estimate when amioda- 
one is concurrently administered. We re- 
te that changes in phenytoin dosage 
1s during coadministration with 
ne should ultimately be guided 
ombination of the clinical condition 
atient and by the serum concentra- 
of phenytoin. | 
ee Paul E. Nolan, Jr., PharmD 
Brian L. Erstad, rharmo 
Gifford L. Hoyer, ms 
Marla Bliss, ss 
Kathleen Gear, 8S, an 
Frank I. Marcus, mp 
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the article by Malconian et al! 
ormative and interesting and 
ike to add to their report my expe- 
his field. As reported,* I had the 
nity to examine a Holter record- 
subject who climbed, in the sum- 
of 1983, the northern face of K2. 

this recording he spent a night ata 

bout 8,200 meters above sea 
served, while he slept at this 
den and cyclic variations of 
ith: periods characterized by 
hythm (45 beats/min) and si- 
im (65 beats/min) in the absence 









‘clearance is calculated for a drug fol- g 


> we did not intend to mislead. 


the data obtained by 


the hypobaric chamber. ae 


Gianfranco Buja, mò 


Padova, Italy 
& August 1990 
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holm J, Houston C, Fails H. The sleep electro- 
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Right Ventricular Diastolic 
Function in Children 


Although we found the data presented 
by Vermilion et al! interesting, we believe 
their approach to the analysis of right ven- 
tricular (RV) diastolic filling may be 
oversimplistic and would advise caution in 
the interpretation of their data regarding 
the isolated analysis of tricuspid A-wave 
velocity and velocity integral in patients 
after relief of RV outflow tract obstruc- 
tion. Indeed, these changes may be unin- 
terpretable in the absence of a detailed 
analysis of the pattern of pulmonary ar- 
tery flow. The accompanying figure shows 
the pulmonary artery flow pattern of 1 of 
4 patients whom we studied after com- 
plete relief of RV outflow tract obstruc- 
tion for pulmonary atresia with intact sep- 
tum. Although there was a dominant A 
wave on the tricuspid inflow Doppler, it is 
almost wholly accounted for by forward 
flow into the pulmonary artery coincident 
with atrial systole. Thus, late RV diastolic 
filling may be markedly restricted in the 
presence of a large A wave on the tricus- 
pid inflow Doppler, the right ventricle act- 
ing as a conduit between the right atrium 
and the pulmonary artery in late diastole. 
E-wave deceleration time, and its change 
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6 and 7).? This case confirms completely 
Malconian et al in 
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with respiration, may yield important ac 
ditional information in such patients,’ and 
should also have been measured in the pa 
tients presented by Vermilion et al. It is 
possible that large changes in diastolic 
function occurred despite little change in 
A-wave velocity after balloon valvuloplas- = 
ty. There are clearly diastolic abnormali- - 
ties in these patients with severe RV out- — 
flow tract obstruction but the exact nature — 
of these abnormalities has yet to be deter- 
mined, 
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REPLY: The comments made by Reding- 
ton and colleagues are intriguing but 
largely unrelated to our recent article on 

right ventricular (RV) diastolic filling in 

children with isolated pulmonary valve 
stenosis.’ We agree that an isolated analy- 
sis of tricuspid valve peak A velocity and 
A area fraction is inadequate to assess RV- 
diastolic filling. For this reason, our study. 
included measurements of indexes of ear. 
ly diastolic filling such as peak E velocity 
first-third area fraction, E area fraction; 
and peak filling rate normalized for stroke 
volume. We disagree with Redington et 
al’s statement that RV diastolic function 
cannot be assessed in the absence of a de- 

tailed analysis of the pattern of pulmo- 

nary artery flow. In our experience, analy- 

sis of the pulmonary artery Doppler wave- 

































tween the right atrium and pulmonary ar- 
tery in late diastole. Patients with diastol- 
ic forward flow in the pulmonary artery 
during right atrial contraction have an ob- 
viously abnormal and noncompliant right 
ventricle and do not constitute a group of 
patients in whom one needs to measure 
the tricuspid valve inflow Doppler to as- 
sess diastolic function. On the other hand, 
we have found that the analysis of a sys- 
temic vein Doppler recording can provide 
sry important additional information in 
e assessment of RV diastolic function. 
‘Changes in the tricuspid valve Doppler 
caused by structural abnormalities of the 
tricuspid valve cannot easily be distin- 
guished from those caused by altered dia- 
stolic function. For this reason, patients 
with tricuspid valve stenosis or underde- 
velopment of the RV inflow, or both, were 
xcluded from our study. The figure sup- 
lied by Redington et al simply illustrates 
hat the tricuspid valve Doppler record- 

ngs reflect many factors, including struc- 
‘tural abnormalities of the tricuspid valve 
or right ventricle, right atrial compliance, 
changes in intrathoracic pressure, and so 
~ forth. We would not expect the tricuspid 

valve Doppler recording to reflect RV dia- 
stolic function in patients with hypoplas- 
- tic right heart any more than we expect 
the mitral valve Doppler recording to re- 
flect left ventricular diastolic function in 
hypoplastic left heart. This fact and the 
case cited by Redington et al do not ne- 
gate the usefulness of the tricuspid valve 
‘Doppler for the assessment of diastolic 
function in children with no tricuspid 
valve stenosis, a normally formed right 
-ventricle and isolated pulmonary valve 
stenosis. 

Finally, we agree with Redington et al 
that analysis of RV diastolic function 
should include some measurement of the 
‘rate of RV relaxation in early diastole. 
Certainly, the deceleration time is one of 
everal equally useful indexes of early RV 
illing.? In our study, we chose to use the 
-peak filling rate normalized for stroke vol- 
-ume as an index of the rate of early relaxa- 
tion. Because of the normalization to 
stroke volume, the peak filling rates of 
-children of different body sizes and ages 
can be easily compared. This is not the 
case for the deceleration time, which var- 
jes with the varying heart rates encoun- 

tered among children of different ages. 

Furthermore, because peak filling rate did 
not change after successful balloon valvu- 
loplasty, it is not likely (as Redington et al 
suggest) that large changes in diastolic 
function occurred despite little change in 
peak A velocity. 
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Sudden Death Associated with 
Exercise: The Risk-Benef't issue 


Friedewald and Spence’s' article is use- 
ful and sensible. However, the thrust of 
their argument will lead to an everuse of 
exercise tolerance testing in persons who 
really do not need it—a strategy, which, if 
widely applied, will be very expensive and 
nonproductive. 

A much simpler, inexpensive and well- 
validated instrument*? has been shown 
to be a reliable preexercise screening tool 
for middle-aged persons, likely the group 
of greatest concern. This instrument has 
been validated and subsequently widely 


used in this country. 
W.B. Firor, mo 
Saskatoon, Canada 
13 August 1990 
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REPLY: We appreciate Dr. Firor’s com- 
ments. The Physical Activity Readiness 
Questionnaire (PAR-Q) has been used 
widely in Canada as a self-administered, 
preexercise screening instrument. The 
sensitivity and specificity of the PAR-Q is 
reported to compare favorably with other 
screening procedures; however, its sensi- 
tivity in predicting an abnormal exercise 
electrocardiogram is weak.' On balance, 
we feel that the PAR-Q has merit princi- 
pally as a tool for preexercise mass screen- 
ing, rather than for assessment of individ- 
ual patients who, for some reason, are 
seeking personal medical advice. 

The bent of our article was toward the 
latter circumstance, i.e the individual 
patient seeking exercise advice. Such pa- 
tients represent a population that is self- 
selected and perhaps at higher risk than 
the general population. From this per- 
spective, we feel that initial cardio- 
vascular screening of middle-aged and 
older persons who wish te exercise should 
be conducted by the physician who can 
weigh risk versus benefit for an individual 


patient. For these patients, the exercise 
risk issue-may be too problematic to be. 
addressed by a self-administered ques- 1 


tionnaire. 








for a good history and p 
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cise test when clinical judgme 
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patients ask for our best adv 
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Subgroup Analysis of Clinical 
Trials pan 















The editorial by Yusuf et al! with re 
gard to our report? raises major question 
about the use of subgroup analysis of clin 
ical trials. Clinical trials are by their 1 
ture isolated experiments in clinical t 
py. We agree with Dr. Yusuf in his as 
ment that subgroup analysis of this ty 
experiment is fraught with danger, Clini 
cal trials, however, represent an opportu 
nity to understand the natural history of a. 
disease process and to raise certain hy- 
potheses that can be tested in the future. 4 
We are concerned that Yusuf’s approach 
will discourage others from carrying out 
exploration in the future, and valuable 
formation may be lost. To limit one’s 
servations and comments in regard 
clinical trial to only the primary 
tives is to miss an opportunity 
stand and question current and fut 
proaches to medical therapy. I 
wealth of clinical information ha 
generated from these trials. Cert 
must proceed with great cautio 
warn the reader, as we did in ou 
We stated clearly that this wasa “hyp 
esis-generating project and that definiti 
conclusions regarding therapeutic f-adr 
nergic blocking agents in survivors 
Q-wave acute myocardial infare 
not be made.” Ei 

A multitude of subgroup anal 
been performed not only in. 
Blocker Heart Attack Trial (BE 
also in many other clinical trial: 
ing the efficacy of this class of d 
agree that, in general, they all support 
general thesis that 6-adrenergic bloc 
agents are beneficial to patients w 
onary artery disease. It would, hoy 
be misleading to present only thos: 
group analyses that confirm th 
aspects of the trial. Yusuf and colle 
argue for consistency in evaluati 
groups of clinical trials. Con 
however, has the potential of be 
dogma. 










































l enrollment,” this subgroup is too 
li to generate useful hypotheses re- 
arding the effects of treatment. A ratio- 
al method of deciding whether a sub- 
group is “large” is to calculate the power 
gainst a reasonable hypothesis. Data 
rom 24 trials studying a total of 20,000 
patients suggest that 8 blockers would re- 
uce mortality and reinfarction overall by 
10. to 25% and therefore by a similar 
mount in any specific subgroup. As we 
indicated in our editorial,’ even using the 
ipproach of Gheorghiade et al, the power 
detect a 25% reduction in mortality 
-with 601 patients is very low, roughly 
15%. In fact, if the reduction were 25%, 
the probability would be roughly | of 5 
-that a subgroup of 601 would show an 
“effect as small or smaller than that ob- 
served by Gheorghiade et al. Thus, the 
fact that they found no treatment effect 
for 8 blockers is hardly surprising, be- 
cause the sample size is quite small in re- 
‘lation to the effect one reasonably would 
expect. 
~ Of course, as long as valid analytical 
methods are used, subgroup hypotheses 
worth testing can be generated from data 
of clinical trials. 
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Patients with Ventricular 


Arrhythmias 


I read with interest the editorial on 
“Pharmacologic Management of Ventric- 
-ular Arrhythmias After the Cardiac Ar- 
rhythmia Suppression Trial” by Morgan- 
roth and Bigger.' The editorial largely fo- 
cuses on the treatment of patients with 
_ frequent or complex ventricular ectopic 

„activity and only a small amount of atten- 
tion is focused on patients with sustained 


r cardiac arrest. 
reatment of 


ort 


‘only 30 to” 


-with sus- 


ular fibrillation in the context of chronic 
coronary artery disease will have their ar- 
rhythmias suppressed—by electrophysio- 
logic criteria——-by any drug therapy cur- 
rently available.” For many of these pa- 
tients, the use of nonpharmacologic 
therapy is the key to successful long-term 
management. A small segment of patients 
will have discrete, resectable aneurysms 
and mappable tachycardias. In properly 
selected patients, surgical mortality is low 
and the success rate for arrhythmia con- 
trol high.? In these patients, surgical ther- 
apy may be the optimal approach and 
drug trials would not be indicated. Other 
patients will best be managed with im- 
plantable cardioverter defibrillators, ei- 
ther with or without adjunctive drug ther- 
apy. 
The use of implantable cardioverter de- 
fibrillators had made a dramatic impact 
on our ability to manage patients with ma- 
lignant arrhythmias. Although controlled 
studies are lacking, there is little disagree- 
ment with the data presented by Tchou et 
al4 and others*“ showing an impressive 
reduction in total mortality in patients 
who received these devices. These devices 
continue to be improved upon and we 
should expect them to play an even great- 
er role in preventing sudden death in the 
future. 

We are now at the point where most 
chronic arrhythmias in otherwise stable 
patients can be successfully treated but 
the optimal approach requires that we use 
all available modes of therapy. In light of 
our previous experience with new anti- 
arrhythmic drugs, it seems more likely 
that the indications for nonpharmacologic 
therapy will broaden rather than be de- 
creased by refinements in drug treatment. 

John P. DiMarco, mD, pro 


Charlottesville, Virginia 
20 August 1990 
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In the editorial entitl 
logic Management of 1 
rhythmias After the Cardiac 
Suppression Trial” by Mor. 
Bigger,' there is an algorith 
treatment of ventricular arrh 
Figure 1. I was perplexed that t 
tion provided for the benign and 
ly malignant arrhythmias did not 
exercise testing but only Hol 
ing. It has been reported that 
provocation of arrhythmias. 
mine suppressibility as well as 
rhythmia. I am somewhat disma} 
the absence of exercise testing. ir 
CAST trial, as well as that the physi 
involved in the trial continue to elim 
exercise testing. Most patients hav 
ciated coronary artery disease, 
cise testing, albeit imperfect for 
tion of arrhythmias, does have 
vantages with regard to risk, base 
ventricular function and degre 
emia as well. Any comments on t} 
sion of exercise testing by the 
would, I am sure, be appreciated by 
in the field who are interested in sud 
death. A 


1. Morganroth J, Bigger T. Pha 
management of ventricular arrhytl 
The Cardiac Arrhythmia Suppres 
Am J Cardiol 1990;65:1497-150 


REPLY: As the title of our | 
dicates, our purpose was to ex 
impact of CAST on pharmacol 
nonpharmacologic management 
tentially malignant ventricular. 
mias. Stimulated by our diagra 
macologic management algori 
DiMarco raises some impo 
about nonpharmacologic: tr 
patients with malignant. 
rhythmias and suggests thi 
serve a more prominent role 
lesson that we learned from 
conventional wisdom and pra 
surprisingly not prove benefic 
evaluated by controlled clini 
Treatments that are actually h 
look effective and safe when us 
ventional practice. Clinicians 
cially forgiving in their ev 
treatments that are used as: 
(sic amiodarone). ae 
The early experience w 


cardioverter defibrillators is 
~ even in very sick patie 





ha the trea 


ithout a randomized, con- 


$ not clear for the effect of 

le cardioverter defibrillators on 
ty. The data available sug- 
ibstantial reduction in nonar- 
s well as arrhythmic death 
patients with malignant ventricu- 
mias treated with implantable 

t defibrillators. Although sev- 
nations are possible for this 
wese data suggest that selection 
t arrhythmia patients for im- 
irdioverter defibrillator treat- 

ay exclude the sickest patients. 
it is impossible to draw firm 
sions from available data about the 
mplantable cardioverter defi- 
on total mortality relative to 


nent options. To establish the 
of implantable cardioverter 
or treatment over alternative 
$ will require randomized, con- 
als, especially if implantable 
er defibrillator treatment is to 
oned as a first-line or mid-range 
ather than as a last resort. 
lately, there are ongoing trials 
hed light on the efficacy of im- 
cardioverter defibrillator treat- 
re to drugs currently used for 
ent of malignant ventricular ar- 
For example, the Hamburg 
domizing patients with ma- 
ricular arrhythmias to 1 of 3 
(metoprolol, propafenone, 
e) or to implantable cardio- 
brillator treatment. The Cana- 
plantable Defibrillator Trial 
d by the Medical Research 
now randomizing patients with 
ed malignant ventricular ar- 
to amiodarone or to an implan- 
overter defibrillator treatment. 
2 randomized, controlled trials 
o position implantable cardi- 
fibrillator treatment against 
ogic alternatives on the basis of 
than judgment and conjec- 
controlled data are available, 
t diversity in approaches to 
nt of malignant ventricular ar- 
is likely to continue. 
onal studies are just underway to 
e use of implantable cardio- 
brillator therapy in the man- 
“potentially malignant ventric- 
hmias, e.g., patients with left 
dysfunction and unsustained 
r tachycardia (MADIT) or 
-deft ventricular dysfunction 
itive signal-averaged electrocar- 
The CABG Patch Trial). The 
slantable cardioverter defibrilla- 


atients with potentially ma-. 
ular arrhythmias presents 

s that can never be solved _ 
mized, controlled trial, 


intable cardioverter de- 


ent is far from estab- 


lalignant ventricular arrhythmias, 
tribute to the concept and to early 
rience that this mode of therapy has 
reached the stage where the resources re- 
quired for a randomized, controlled trial 

are justifiably being committed. 
Regarding Dr. Baird’s letter, we agree 
that some have suggested recently (after 
the initiation of CAST) that exercise test- 
ing may be reasonably used in certain sit- 
uations (¢.g., to evaluate patient response 
to class IC antiarrhythmic drugs) as an 
end point for proarrhythmia and possibly 
arrhythmia suppression. However, there 
are no controlled clinical trials that estab- 
lish its clinical usefulness. We do not 
think, therefore, that exercise testing 
should yet be considered as an absolute 
standard for inclusion in a patient man- 

agement algorithm. 

J. Thomas Bigger, Jr., mp 
New York, New York 
Joel Morganroth, mp 
Philadelphia, Pennsylvania 
13 September 1990 
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Bird Brains 


The article by Dr. Diamond! was sim- 
ply superb. It is an excellent application of 
game theories to science. However, the 
article reflects much more than that. It 
is also the opinion of Dr. Diamond on how 
to approach daily life. Dr. Diamond is ob- 
viously a “dove” scientist. His own be- 
liefs may have introduced a source of bias 
that may have escaped his attention. The 
“laissez faire” approach will successfully 
deal with the problem if the value scales 
for hawks and doves are the same, as in 
Dr. Diamond’s calculations. However, 
there must be a reason why hawks behave 
so aggressively. I believe the aggressivity 
is caused by a different value scale for the 
hawks. In case of a win, a hawk does not 
get +30 points. That win may represent as 
much as +480 points—that is, the same 
absolute number as the value of getting 
hurt. Wasting time does not exist for a 
hawk. The moderate win for a dove (+30 
points) reflects a different approach to 
life. For a dove, indeed, all that counts is 
the acceptance of one’s ideas. For a hawk, 
on the contrary, substantial gains may re- 
sult from a win. Parallel situations in sci- 
entific life are easy to imagine when con- 
sidering, for instance, material gains in 
relation to industry. I have not taken the 
time to recalculate Dr. Diamond’s data 
using 2 different scales for hawks and 
doves. It is obvious, however, that the pos- 
sible damage created by hawks may in- 
crease by a factor >10. 

Like Dr. Diamond, I am also very confi- 
dent in the laissez faire doctrine. But 
when the dangerous side of the population 


-Jais (does) too much and too aggressively 
(because of the expected profits), the- 
whole population is rapidly endangered. 
- That is the time to start a policy of ne pas’ lowed the outla 


ar by the summer of 190 


of the ha 


1. Diamond GA. Bird brains: the evolution o: 
scientific misconduct. Am J Cardiol 1990;66: 
372-374, 


my ex 
He is i 


affect their survival, and I confess to hav- 
ing selected my values just to make a point 
(perhaps I am not the pedigree dove he 
thinks I am). 

In fact, the academic aviary is popu- 
lated by many more species than hawks 
and doves. In addition to the owls already 
mentioned in my essay, fellow birdwatch- 
ers have also sighted peacocks, parrots, 
pigeons, ostriches, turkeys, chickens, 
mockingbirds, dodos and coots (to name 
just a few), The social interactions among 
all these species are highly complex. So 
before substituting a doctrine of ne pas 
laisser faire for laissez faire, | believe we. 
must first agree to protect the lone eagle 
and the lowly cuckoo from the more ag- 
gressive snipes (and even the snipes from 
the bird dogs). Accordingly, just as we 
have chosen to slant our legal system more 
toward protecting the innocent than pun- 
ishing the guilty, I suggest we slant our 
academic system more toward protecting 
the doves than hunting the hawks.! 

Consider the following parable in that 
light: “Imagine that you are on the edito- 
rial board of a prestigious. . journal and. 
that you receive a paper that is unortho-. 
dox in style and format. Its title has little 
to do with most of its content; it has no 
citations to current literature; a signifi- 
cant portion of its first half seems to be 
philosophical banter on the nature of cer- 
tain basic. ..concepts taken for granted 
by everyone; the only experiment explicit- 
ly discussed could be explained adequate- 
ly using current...theory and is not 
considered to be of fundamental impor- 
tance.” ? | 

According to one recent source,” the 
editorial policy of Annalen der Physik in. 
the early part of this century was based 
almost entirely on laissez faire. An au- 
thor’s initial contributions were reviewed 
by the Editor himself, or by a member of | 
the Editorial Board. After that, subse 
quent papers were published with little o 
no refereeing. Public trial decided the 
merit of an idea. Given the conservative 


predisposition of many referees, Albert 


Einstein was indeed fortunate he had al- 
ready published 8 articles in the Annalen 
1905," because this al- 





eles, California 
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Bernstein RS. Discovering, Inventing 
ving Problems at the Frontiers of Scien- 


Knowledge. Cambridge, Massachusetts:. 


ard University Press, 1989:382-405. 
iller AI. Imagery in Scientific Thought. 
m: Birkhauser, 1985:101,121. 
Pais A. ‘Subtle is the Lord...’ The Science 
he Life of Albert Einstein. New York: 
‘ord University Press, 1982. 


ative Imaging of the 


The study of Krijne et al’ reports the 
diagnostic yield of routinely imaging 
ne internal thoracic artery (ITA) at the 
ime of coronary arteriography. In their 
series of 105 patients undergoing coro- 
ary arteriography before coronary by- 
pass surgery, only 1 (0.95%) hada signifi- 
‘cant stenosis in an ITA. Our experience in 
patients who have had previous sternot- 
omy suggests that in these circumstances 
routine cannulation of the ITA may be 
indicated. 

- A prospective survey was undertaken of 
all patients undergoing coronary arteriog- 
raphy for possible intervention for recur- 

rent angina after coronary bypass sur- 
gery. In all cases, saphenous vein grafts 
had been used without disturbing the 
ITA. Over 12 months, 82 such patients, 
who had previously received 1 to 4 vein 
grafts between 3 and 12 years, were stud- 
ied. 

-© The left ITA was successfully cannulat- 
ed in all cases. In 2 cases (2.4%), the ori- 
-gin of the artery was from the third part of 
‘the subclavian artery rather than from the 
first part,? but the artery was of normal 
caliber and descended in the usual rela- 
tion to the sternum. In 2 other cases 
(2.4%), the ITA was truncated proximal- 
“ly, adjacent to a sternal wire suture. In no 
‘ease was atherosclerotic disease evident 
within the ITA. 
< This survey confirms the findings of 
~ Krijne et al that congenital anomalies and 
atherosclerotic disease of the ITA that in- 
--terfere with its use in myocardial revascu- 
larization are uncommon. However, in 
` 2.4% of patients who have undergone pre- 
vious vein grafting, the left ITA may not 
“be available as a conduit for a second op- 
-eration as a result of sternotomy suture. 

_The proportion may be higher in patients 
- considered for third-time or subsequent 
operations. 

oa Simon W. Davies, ma, MRCP 

London, United Kingdom 
12 September 1990 


4. Krijne R, Deng M C-H_ K, Heinrich K-W, 
Sons H, Krian A. Semisele angiography of 
the internal mammary arteries asa preparation 
for coronary. bypass surger : 
-4990;66:377 -378. 


Am J Cardiol 


Antiarrhythmic Drugs and | 


Cardiac Death End Points 


I would like to offer some comments on 
the article by Aronow et al entitied “Ef- 
fect of quinidine or procainamide versus 
no antiarrhythmic drug on sudden cardiac 
death, total cardiac death, and total death 
in elderly patients with heart disease and 
complex ventricular arrhythmias.” which 
appeared in the August 15, 1990 issue of 
the Journal. 

A cursory reading of the title and ab- 
stract could erroneously suggest to the 
reader that procainamide was a major 
component of the study. In fact, only 9 of 
406 patients (2.2%) in the study were 
treated with procainamide, and those 9 
were placed on procainamide only be- 
cause of a history of quinidine intolerance. 
Nevertheless, Aronow et al seem to give 
equal weight to quinidine and procain- 
amide in their conclusions: “Data from 
our study showed that elderly patients de- 
veloped a high incidence of adverse effects 
from quinidine (48%) or procainamide 
(55%) causing cessation of therapy.” 

We find the interpretation of the data 
gathered on procainamide to be presented 
in a highly skewed manner by the authors 
of this paper. We also hope that the meth- 
ods, patient characteristics, and results of 
this study will be presented more clearly 
by the authors in future discussions and 
publications of their research findings. 

James E. Weir, mo 
Morris Plains, New Jersey 
15 October 1990 


1. Aronow WS, Mercando AD, Epstein S, 
Kronzon I. Effect of quinidine or procainamide 
versus no antiarrhythmic drug on sudden cardi- 
ac death, total cardiac death, and total death in 
elderly patients with heart disease and complex 
ventricular arrhythmias. dm J Cardiol 1990; 
66:423-428. 


REPLY: We agree with Dr. Weir, who is 
Vice President-Medical for Parke-Davis, 
which manufactures Procan SR®, that 
reading only the title of our article could 
lead one to believe that procainamide was 
a major component of our study. How- 
ever, the abstract clearly states that 397 
patients were treated with quinidine, and 
9 with procainamide. Practicing clinicians 
do not alter medical management based 
upon the title of an article, even if the title 
makes a conclusionary statement (which 
our title does not). 

Our conclusions relate to comparisons 
between the group of patients treated with 
antiarrhythmic drugs and the group that 
was not treated. Percentages of patients 


who developed adverse effects while re- _ 
. ceiving the drugs are statements of fact, 
not conclusions. There was a high per- 
centage of intolerance to procainamide .. 
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The primary purpose: 
not to determine the inci 
effects from drugs, but 1 
tality between treated ai 
tients. Procainamide wa: 
patients had known pre’ 
to quinidine because of gá 
effects. Two of the 4 patients’ 
ed procainamide in our stud 
cardiac death. mak 


I recently reported a case of t 
inequivalence between a gene 
prietary form of procainami 
further investigation into th 
vealed that the patient receive 
diate release generic preparation 
the proprietary form was a sust 
lease preparation. I do not feel that 
forms can be directly compared an 
fore the claim of therapeutic 
lence cannot be justified. 1 hi 
felt that it is the responsibility 
investigators to report finding 
tradict their previous data 
come to light. 


1. Grubb BP. Recurrence of vert 
cardia following conversion from 
generic procainamide. Am J Car 
63:1532-1533. l 


Corrections 


and 224 of the July 15, 199 
tions in the text and referenc 

fy the author and title of a 

in the same issue. Refere 
read: Hochleitner M, Hö 

K, Hértnag! H, Gschnitzer F, 4 
W. Usefulness of physiologic. 
ber pacing in drug-resistant idio 
dilated cardiomyopathy. Am . 
1990;66: 198-202. l 
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What’s a common 


denominator 
of most heart 
attack victims? 


Mixed hyperlipidemias—elevated cholesterol and 
triglycerides—are common among heart attack 
victims,! and nearly two-thirds of people who 
developed myocardial infarction in the PROCAM Trial 
had a low (<35 mg/dL) baseline level of HDL 
cholesterol.? 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 





CARDIOVASCULAR MEDICINE 
Jonathan Abrams 


Robert J. Adolph 


Masood Akhtar 
Joseph S. Alpert 
Jeffrey Anderson 
William F. Armstrong 
Thomas M. Bashore 
George A. Beller 
David. G. Benditt 

J. Thomas Bigger, Jr. 
Peter C. Block 
William E. Boden 
Robert O. Bonow 


Kenneth M. Borow 


Eugene Braunwald 


Alfred E. Buxton 
Michael E. Cain 
Richard O. Cannon, IH 


_ Agustin Castellanos 


rnard R. Chaitman 


Kanu Chatterjee 


John S. Child 

Peter F. Cohn 

C. Richard Conti 
Michael H. Crawford 
Robert F. DeBusk 
Gregory J. Dehmer 
Pablo Denes 
Richard B. Devereux 
George A. Diamond 
John P. DiMarco 
Pamela S. Douglas 


_ Myrvin H, Ellestad 
Stephen E. Epstein 
‘Harvey Feigenbaum 
‘Robert L. Feldman 


= care Jack Ferlinz 


g and Wedding rete 


Hor OGY: iai (ISSN. GO02- 


: 508-750). 


dit Burca of Circula- 


, Apri and December, 2 
n March, sand June and 
aA 


eneral Marate a 
perations, J. Walsh, | 


York, NY {6011. Printed in Easton, 


7 z y from cardiologists and other- phiysi- 
è right tö. refuse unqualified subscribers. 


or any part thereof published in any. 


journal of Cardiology received under this 
be copied, recorded or reproduced in any 
ë mechanical, including, among other 
of partor all of such articles.on any 


the writen permission of the Pube 


ding subscriptions and changes of 
RENAL OFCA ARDE oT P. G. 


D: Net He 
enior Vice - 
flamaria. Senior Vice President/Pro- a 
ative, Editorial and Advertising Of 


i Frank A. Finnerty, Jr. 


Jerome L. Fleg 
Gerald Fletcher 


_ James S. Forrester 

-Joseph A. Franciosa 
i Gary S. Francis 

: W. Bruce Fye 

i William H. Gaasch 
William Ganz 


Julius M. Gardin 


Bernard Gersh 

D. Luke Glancy 
Robert E. Goldstein 
Sidney Goldstein 
Sidney O. Gottlieb 


Frederick A. Heupler, Jr. 


L. David Hillis 
Jeffrey M. Hoeg 

Jay Hollman 

David R. Holmes, Jr. 
Leonard N. Horowitz 
Adolph M. Hutter, Jr. 


Abdulmassih S. Iskandrian 


Jeffrey M. Isner 
William B. Kannel 
Norman M. Kaplan 
Joel 5. Karliner 
John A. Kastor 
Harold L. Kennedy 
Kenneth M. Kent 
Richard E. Kerber 
Spencer B. King, IH 
George J. Klein 
Lloyd W. Klein 
Robert A. Kloner 
John Kostis 

Morris N. Kotler 
Arthur J. Labovitz 
Carl V. Leier 
Herbert J. Levine 
Joseph Lindsay, Jr. 
G.B. John Mancini 
Francis E. Marchlinski 
Frank I. Marcus 
Randolph P. Martin 
Dean T. Mason > 
Raymond G. McKay 
Jawahar Mehta 
Richard S. Meltzer 
Franz H. Messerli 
Eric L. Michelson 
Fred Morady 

Joel Morganroth 
Arthur J. Moss 


Robert J. Myerburg 


Navin C. Nanda 
Robert A. O'Rourke 
Catherine M. Otto 
Natesa Pandian 
Eugene R. Passamani 
Alan S. Pearlman © 
Carl J. Pepine 


Joseph K. Perloff. D 


Augusto D. Pichard 
Bertram Pitt =. 
Philip J. Podrid 
Charles E. Rackley — 


Nelson B. Schiller 


Ralph Shabetai: 
Pravin M. Shah 
Florence H. Sheehan 
Bramah N. Singh 
John C. Somberg 
David H. Spodick 
Eric J. Topol 
Robert Vogel 
Richard A. Walsh 
David D. Waters 
Nanette K. Wenger 
James T. Willerson 
John R. Wilson 
Salim Yusuf 

Barry L. Zaret 
Douglas P. Zipes 


Infants and Children 
Hugh D. Allen 
Bruce S, Alpert 


D. Woodrow Benson, Jr. 
Arthur Garson, Jr. 


Warren G. Guntheroth — 
Howard P. Gutgesell 
James E. Lock 
Barry J. Maron 


Lowell W. Perry 


Amnon Rosenthal 


David J. Sahn: 
Stephen Sanders 


Norman H. Silverman - 
A. Rebecca Snider 
Grace S. Wolff 


CARDIOVASCULAR SURGERY 


Harvey W. Bender, Jr. 


-Lawrence I. Bonchek 


Aldo R: Castaneda 


Lawrence H. Cohn 


James L. Cox 
Charles R. Hatcher, Jr. 


| eee H. ? Jones 


ot "Newland Oldham, i a 
=. Albert D. Pacifico 
-= Robert B. Wallace 

Andrew S. Wechsler 


i RELATED SPECIALISTS 


Wiliam D. Edwards. 
Victor J. Ferrans 
Jeffrey Saffitz 
H. William Strauss _ 
Richard Van Praagh | 


ages: th 
Ess Sinale copy price: iar issues $10.00: 
2.00: Subscription rate for individuals in | 
es | year $66, 2 years $112,.3 years $138; 
at $105, 2 years $178; 3 years $252. All other 
lade air-s ig ded delivery) I year $135, 2 years $249, 
k year $95, 2 years $162, 3 years $228; 
Ü, 2 years $200, 3 years $295; All-other 
eded delivery} I year $150, 2 years $263. 
rate to U.S. Residents, interns, Medical Students 
responsible for replacing missing issues unless the 
Department is notified of nonreceipt within 3 months of 


Antonio M. Gotto, Jr. 
Donald C. Harrison 
Geoffrey O. Hartzler 
Richard H. Helfant 
Philip D. Henry 


Nathaniel Reichek 
James L. Ritchie 
Robert Roberts 

Allan M. Ross 

Melvin M. Scheinman 


; ubtishing U USA Romii G. enc rune 
Krakoff, President and Chief Operating Officer, 
vice President. All rights. reserved. No part of 
produced ortransmitied in any form or-by any — 

ing photocopying, recording or 

lcm, without permission o 

articles available on req 

a) published: ir 





er tolltree 1-800 -366-BOOK 


U: 5, d 617-438-8464 
fern Standard Time 9:00-4:30 


a colleagues review the book — 


„concise and finely edited. The disctiésions an 

up-to-date and to the point. ...the book can. ben 
read from both a generalist’s and specialist's: E 

perspective... .to convey ‘what really matters’ to. 
a practicing physician... ..(who manages) 


everyday problems seen in clinical practice” Sek ae 


Annals of Internal Medicine 


find information easily and. . quickly... AA i 
should i i a place in every ginuena = = 
office.. e 


—The New England Journal of Medicine 


(First Edition review) 


“Features that distinguish this book Ham ahs 
in the field include the pragmatic orientation. . 
the range of T (and). . .the organization i in 
bite-sized topics.. | 


-journal of the Amena Medical Association 
(First Edition review) 


By focusing on the clinical side of day-to-day 
practice, using a problem-oriented approach, 
providing standardized headings under each - 
disease or disorder, and covering both general 
and internal medicine, Medicine for the ered 
Physician, Second Edition is a truly useful desk 
reference, designed to be used Por 
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tcome After Acute 






William E. Boden, Ronald J. Krone, Robert E. Kleiger, David 
es, Henry Greenberg, Edward J. Dwyer, Jr., J. Philip 

Miller, Jonathan Abrams, James Coromilas, Robert 

ein, Arthur J. Moss, and the Multicenter Diltiazem 

-Infarction Trial Research Group | 










ie effect of diltiazem on long-term outcome after acute myo- 
rdial infarction was assessed in 2,377 patients enrolled in the 

nter Diltiazem Post-Infarction Trial and subsequently 
ed for 25 + 8 months. The differential effect of diltiazem 
nfarction outcome appears closely linked to the bidirec- 
fect of diltiazem that was elucidated in the Multicen- 
diltiazem Post-Infarction Trial analysis. Patients with non- 
or first inferior Q-wave infarction generally have well- 
ved left ventricular function and appear to benefit from 
iltiazem. | 
















_ Mikael Dellborg, Martin Riha, and Karl Swedberg, for the 
EAHAT Study Group = 
7 ~ Patients with strongly suspected acute myocardial infarction 


‘Ussue-type plasminogen activator were monitored for 24 

vith continuous, on-line vectorcardiography. Treatment 
itravenous rt-PA limited total QRS vector change, but 
S vector changes observed occurred more rapidly and 
-reached a plateau earlier in patients treated with rt-PA than in 
ose receiving placebo. 



















hoton Emission Computed Ton 
M. A. Pozzoli, Paolo M. Fioretti, Alessandro Salustri, 
LE. M. Reijs, and Jos R. T. C. Roelandt 


ipare the relative diagnostic value of exercise echocardi- 
with perfusion technetium-99m metoxyisobutylisoni- 
gle-photon emission computed tomography in detecting 
ry artery disease, 75 patients with suspected CAD but a 
-trocardiogram at rest were included in a prospec- 
> study. Exercise echocardiography showed a 
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= included in a placebo-controlled trial of 100 mg of recombi- 


an SPECT in patients with 1-vessel disease. tors of survival after I 1 pati 
ially more sensitive than echocardiogra- high-risk subset can be identified among pa 
mflex steno -© LV dysfunction who undergo PTCA. - 
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Of 49 patients with coronary artery disease whose left ventric 
ular systolic function was normal at rest, 23 patients (group 2 
had impaired diastolic function at rest and an abnormal ejec 
tion fraction response, as assessed by radionuclide angiogra- 
phy, to exercise. Among patients with CAD with normal LV. 
systolic function at rest, impaired LV filling and diastolic asyn 
chrony at rest reflect a greater degree of exercise-induced isch 
emia, suggesting a greater extent of jeopardized myocardium 


























H. W. Thijs Plokker, B. Hannie Meester, and Patrick W. 
Serruys | 









We reviewed the long-term follow-up of 454 patients who un: 
derwent angioplasty of =1 saphenous vein bypass graft in The 
Netherlands between 1980 and 1988. The primary success rat 
was 90%. There were significant differences in event-free sur- 
vival between patients who had bypass surgery l year before 
angioplasty, between 1 and 5 years, and 5 years before angio- - 
plasty, respectively. Less than one-third of patients with previ- 
ous bypass surgery who underwent graft angioplasty remained 
event-free after 5 years. In patients needing angioplasty within 
| year after bypass surgery, better long-term results are i 
reported. ee 





















Harvey Serota, Ubeydullah Deligonul, Woo-Hyeong Lee, _ 
Frank Aguirre, Morton J. Kern, Sue A. Taussig, and Michel 
G. Vandormael rt 









Seventy-three patients with left ventricular ejection fraction 
<40% who underwent percutaneous transluminal coronary an- 
gioplasty were analyzed to assess the outcome of PTCA and to 
determine predictors of mortality. A lower LV ejection f 
tion, congestive heart failure, and a higher myocardial jeo 


dy score for contractile myocardium were independe 
tors of survival after PTCA in patient 










ames H PO Keefe, T PEST Giorgi, Geoffrey O. Hartzler, 
omas-H, Good, Robert W. Ligon, Deborah L. Webb, and 
en D: McCallister 















- otal of 201 patients were randomized to either diltiazem or 
lacebo in a double-blinded trial conducted to evaluate the 
fulness of high-dose diltiazem after coronary angioplasty. 
iltiazem was not effective in preventing restenosis and late 
ardiac events and should not be routinely used after coronary 






trial Natriuretic Peptide Response to Cardioversion of 
trial Flutter and Fibrillation and Role of Associated 






akti Mookherjee, Gunnar Anderson, Jr., Harold Smulyan, 
nd Suman Vardan 


lasma atrial natriuretic peptide concentrations were mea- 
ired before and 1 hour after cardioversion in 40 patients, 27 
h atrial flutter and 13 with atrial fibrillation, admitted for 
tive cardioversion. It is concluded that (1) the ANP level is 
vated comparably in patients with both atrial flutter and 
rillation regardless of the presence or absence of congestive 
eart failure; and (2) the level decreases, independent of the 
node of cardioversion or presence of CHF, promptly after 
suecessful cardioversion. 















Sudden Cardiac Death While Wearing a Holter Monitor 
Klaus V. Olshausen, Thomas Witt, Tiberius Pop, Norbert 
Treese, Klaus-Peter Bethge, and Jürgen Meyer 


‘he Holter tapes of 61 patients with sudden cardiac death 
‘hile being monitored were analyzed. Ventricular premature 
beats and complex arrhythmias increased significantly only 
within the last of 6 premortal hours. Monomorphic ventricular 
achycardia is the arrhythmia most frequently associated with 
sudden cardiac death. 


implantat G. ao Gerald M. Lawrie, Raj R. Kaushik, Lynette 
F. Harvill, and Antonio Pacifico 


_A nonthoracotomy, left subcostal approach was used to im- 
lant an automatic implantable cardioverter defibrillator in 48 
onsecutive patients with life-threatening arrhythmias. Satis- 
actory intraoperative. defibrillation thresholds were obtained 
n 42 patients, there was minimal surgical morbidity, rapid 
postoperative convalescence, and long-term survival and free- 
om from arrythmic death was comparable to that achieved 
ith other surgical techniques. 


tients atl dilated eee with and wit jout. m) 
ditis aad in those with prior cardiac transplantation: Lef 
right iatracardiac pressures are important determinants 0 
culating ANF level unaffected by inflammation in. pa 
with cardiomyopathy, whereas other factors influence plasm 
ANF concentration in a significant number of Patients v wit 
cardiomyopathy and in all transplant recipients. 











































VALVULAR HEART DISEASE 


Beneficial Effect of Atrial Pacing in Severe Acute ` 
Aortic Regurgitation and Role of M-Mode ee 
a in Determining the Optimal Pacing — 


neo E. a Pinhas Sareli, Richard H. Marcus, Jai Patel, 
and Martin R. Berk 


The effect of atrial pacing was assessed in 1 men with recen 
onset severe aortic regurgitation, all of whom had diz 
closure of the mitral valve. Data suggest that atrial. pacing has 
a predictable, beneficial, hemodynamic effect in patients with 
severe AR, and that the optimal rate can be predetermined 
from information obtained from the echocardiogram. | 
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Simultaneous Occurrence of Mitral Valve Prolapse ond 
Systolic a Motion in Hypertrophic 
Cardiomy: 

Julio A. Panza d Barry J. Maron 

















In 25 patients with hypertrophic cardiomyopathy, a striking i 
pattern of mitral valve prolapse and systolic anterior motion — 
into the left ventricular outflow tract was seen on echocardiog- 
raphy. Probably due to anatomic disproportion between the 
mitral valve and the small left ventricular cavity, this pattern 
further defines the great diversity evident within the broad | 
clinical spectrum of HC. 


ae ee 
panto of Left Ventricular nd Rachonuchide by 





Carlo Gaudio, Gaetano Tanzilli, Pietro Mazzarotto, Mario | 
Motolese, Francesco Romeo, Benedetto: Marino, and pee 
Reale 


approach and the pi ar e a se re wl ique, is an 
Te, ae reproduç ble me ‘ ; 


ofan, Evan L. Thomas, Kathleen C. Toos 
ic H. Wilmore 


t of B-adrenergic blockade on stroke volume at in- 
ng submaximal exercise intensities was studied in 12 en- 


rained normotensive and 12 untrained hypertensive 


ile assigned to each of 3 treatments: placebo, proprano- 
pindolol. Results suggest that both trained normoten- 
nd untrained hypertensive persons can exercise with 6- 
gic blockade at submaximal levels without compro- 

: irdiac function. 


eutic Cardiac Ultrasound —— 
. Meltzer, Karl Q. Schwarz, Jack G. -Mottley, and 


tion. in Pulmonic Valve Atresia l 
el A. Qureshi, Eric Rosenthal, Michael Tynan, Rui 
nd Edward J. Baker | 


and Ioa Temi Results, Technical Features and | 


Histologic Findings 
Jeffrey J. Popma, Fondi J. L. Dick, Christian C. 
Haudenschild, Eric J. Topol, and Stephen G. Ellis 
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Electrocardiographic Subset Analysis of Diltiazem 
ministration on Long-Term Outcome After Acute 


oe “Myocardial Infarction 


William E. Boden, Ronald J. Krone, Robert E. Kleiger, David Oakes, Henry p 


a Greenberg, Edward J. Dwyer, Jr., J. Philip Miller, Jonathan Abrams, = 
James Coromilas, Robert Goldstein, Arthur J. Moss, and the Multicenter. k 
-Diltiazem Post-Infarction Trial Research Group 


©- The effect of diltiazem on long-term outcome after acute myocardial ” T 


infarction (AMI) was assessed for 2,377 patients enrolled in the Multicen- - 


ter Diltiazem Post-Infarction Trial and subsequently followed for 25 +8 — a 


months. The study population included 855 patients (36%) with at least 1 
orior AMI before the index infarction and 1,522 patients (64%) with a 
first AMI, of whom 409 (27%) had a first non-Q-wave AMI infarction, 

564 (44%) a first inferior Q-wave AMI, and 449 (30%) a first anterior Q- 

wave AMI. This post hoc analysis revealed that, among patients with first 
non-Q-wave and first inferior Q-wave AMI, there were fewer cardiac 
events during follow-up in the diltiazem than in the placebo group, and 
that the reverse was true for patients with first anterior Q-wave AMI or 


prior infarction. The diltiazem:placebo Cox hazard ratio (95% confidence _ oe 
limits) for the trial primary end point (cardiac death or nonfatal reinfarc- 


tion, whichever occurred first) was: first non-Q-wave AMI—0.48 (0.26, 
0.89); first inferior Q-wave AMI—0.66 (0.40, 1.09); first anterior Q- 
wave AMI—0.82 (0.51, 1.31); and prior AMI—1.11 (0.85, 1.44). Use of 
cardiac death alone as an end point gave an even more sharply focused 
treatment difference: first non-Q-wave AMI—0.46 (0.18, 1.21); first 
inferior Se AMI—-0.53 (0.27, 1.06); first anterior Q-wave AMI 
1.28 (0.68, 2.40); and prior infarction-— ¥.26 (0.90, 1.77). The differential 
effect of diltiazem on postinfarction outcome in these electrocardiographi- 
cally categorized AMI subsets appears closely linked to the bidirectional 
effect of diltiazem (beneficial in most patients with well-preserved left 
ventricular function, and harmful in the minority with impaired left ven- 
tricular function) that was elucidated in the primary Multicenter Diltia- 
zem Post-Infarction Trial analysis. In patients with multiple infarctions 


complicated by left ventricular dysfunction, diltiazem appears to be detri- 
mental. Patients with first non-Q-wave or first inferior Q-wave infarction o 
generally have well-preserved left ventricular ince? and oa to bene- A 

T fit from diltiazem. ee Oe 


Continued on page A14 





hte. Because body chemistry 
_ differs from person to 
| erson, we often need 
hoice of drugs to 
"eat the same illness. 


You've heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human. 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 


same medication for each. One — 


patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 


_ the side effects. 


others on. different pec yple, it is 
essential to have this diversity. 


America’ s research. -based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 


Why? Because the public is 


made up of different people 
requiring different treatment— 


even when they suffer from the | 


same illness. 
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Dynamic QRS-Complex and ST-Segment Monitoring in Acute 
_ Myocardial Infarction During Recombinant Tissue-Type = 
_ Plasminogen Activator Therapy le 2 ae 
Mikael Dellborg, Martin Riha, and Karl Swedberg, for the TEAHAT Study. = 
Group | he ee 


_ Amore rapid development of QRS changes has been reported in patients — - 
` treated with thrombolytic agents. Patients with strongly suspected acute 
myocardial infarction included in a placebo-controlled trial of 100 mg of a 
recombinant tissue-type plasminogen activator (rt-PA) were monitored Se 
for 24 hours with continuous, on-line vectorcardiography. The magnitude = = 
of the QRS vector changes correlated with infarct size estimated by thee eg 
maximal value of lactate dehydrogenase- | (r = 0.69, p <0.001) as well as - 
with left ventricular ejection fraction 30 days after randomization (r= © 0 000S 
- €.49, p <0.001). Treatment with intravenous rt-PA limited total QRS == 
= vector change but the QRS vector changes observed occured more rapidly 
and reached a plateau 131 minutes earlier in patients treated with rt-PA 
than in the placebo group (p <0.01). A certain pattern of highly variable 
ST vector magnitude was associated with higher maximal lactate dehy- 
- Grogenase-1 values and a tendency to higher 1-year mortality. ee 


ercise Echocardiography and Technetium-99m MIBI Single- — 
on Emission Computed Tomography in the Detection of 
oronary Artery Disease | . a 

assirno M. A. Pozzoli, Paolo M. Fioretti, Alessandro Salustri, Ambroos 


| : EM. Reijs, and Jos R. T. C. Roelandt 


Exercise echocardiography and perfusion technetium-99m metoxyisobu- 
tylisonitrile single-photon emission computed tomography (SPECT) were 
simultaneously performed in 75 patients with suspected coronary artery 
disease and a normal electrocardiogram at rest; new wall motion abnor- 
malities or transient perfusion defects, or both, were considered as a 
positive test and the results were compared with coronary angiography. 
The overall sensitivities and specificities were 71 and 96% for echocardiog- 
raphy and 84 and 88% for SPECT; the agreement between the 2 methods 
was 88%. Exercise echocardiography showed a lower sensitivity than 
SPECT in patients with 1-vessel disease (61 vs 82%, p <0.02). SPECT 
was tendentially more sensitive than echocardiography in detecting isolat- 
ed left circumflex stenoses. 


356 . 

impaired Left Ventricular Filling and Regional Diastolic 
Asynchrony at Rest in Coronary Artery Disease and Relation 

to Exercise-induced Myocardial Ischemia ee 
Pasquale Perrone-Filardi, Stephen L. Bacharach, Vasken Dilsizian, and 
Robert O. Bonow Sa 





function at rest. Group | patients (n = 26) had a pe ejection ractión 


response to exercise and group 2 patients (n = 23) an abnormal response. 


Data obtained from 22 age-comparable normal volunteers were used for 
comparison. Peak filling rate was lower in group 2 patients than in normal 
subjects (2.5 + 0.8 vs 3.2 + 0.6 end-diastolic counts /s; p <0.01). More- 
over, diastolic asynchrony at rest was greater in group 2 patients (46 + 44 
ms) than in both normal subjects (25 + 16 ms; p <0.05) and group 1 
patients (23 + 16 ms; p <0.05). Thus, among patients, with. CAD and 
normal LV systolic function at rest, impaired LV filling and diastolic 
asynchrony at rest reflect a greater degree of exercise-induced ischemi ia, 
suggesting a greater extent of Jeopandized myocardium. 


Aoa A Arterial i Bypass. we $ 
H. W. Thijs Plokker, B. Hannie Meester, and Patrick w. Serruys 


Long-term. flowin of 454 patients who ariderwent: an. a of 
single or sequential saphenous vein bypass grafts. in’ The. Netherlands 
between 1980 and 1988 was studied. The primary success rate v 

In- hospital mortality was 0. 1%, 2.8% of patients sustained a pecpedural 
myocardial infarction, and 1.3% of patients had to undergo emergency 
bypass surgery. After 5 years 74% of patients were alive, and 26% of 
patients were alive and event-free. Only 3% of p patients who underwent an 
unsuccessful angioplasty were event-free at 5 years, versus 27% in success- 
fully dilated patients. There were significant | differences in event-free 
survival between patients who had bypass | surgery | year before: angio- 
plasty, between | and 5 years, and 5: years before angioplasty, respectively. 
Less than one-third of patients with previous by irgery who under- 
went graft angioplasty. remained event-free | years. In patients 
needing pocketed l year after bypass s ry, better long-term 
results are reported. © S 


Predictors of Cardiac Survival After Percutaneous | 
Transluminal. Coronary Angioplasty i in Patients with Severe 
Left Ventricular Dysfunction 

Harvey Serota, Ubeydullah Deligonul, Woo- -Hyeong Lee, Frank Aguirre, 
Morton J. Kern, Sue A. Taussig, and Michel G. Vandormael 


To assess the o outcome of percutaneous transluminal. coronary angioplasty 
(P ‘CA) in patier ts s with severe left ventricular (LV) a unction and to 


who underwer initial PTCA were analyzed, The any of 
| na d prior myoc rdial infarction. Multivessel coronary artery dis- 
ease was. present in 83%. Intraaortic balloon pump (15%) and percutane- 
ous cardiopulmonary bypass support (4%) was used infrequently. Angio- 
_ graphic success was obtained in 109 of 128 lesions (85%) attempted. The 
_ procedural mortality was 5%. All patients. were followed up for Z6 to 71 
months. The estimated survival was 79% + 5, 74% | es 6, 66% + 7 and 57% E 


ea a ne teapa 
al after PTCA in pati 









= = Coronary Angioplasty 





-Eff cts 5 of D Diltiazem enc Complications and Restenosis A fter - 


James H. O'Keefe, Jr., Lee V. Giorgi, Geoffrey O. Hartzler, Thanas H. 
Good, Robert W. Ligon, Deborah L. Webb, and Ben D. McCallister 








-A randomized, placebo-controlled, double-blinded trial was conducted to 


evaluate the effectiveness of high-dose diltiazem in the prevention of... 
 eardiac events and restenosis in patients after coronary angioplasty. A 








total of 201 patients were randomized to diltiazem or placebo. Treatment 
-began 24 hours before angioplasty. The incidence of late cardiac events ` 


_. (recurrent angina, death, Q-wave infaretion or coronary artery bypass — 
graft surgery) was similar in the 2 treatment groups. Restenosis was 
` evaluated by quantitative angiographic techniques, and 60% of patients 

-were restudied at | year. The restenosis rates were 36% in the diltiazem 
and 32% in the placebo groups (p = 0.30). Thus, diltiazem was ineffective 
in preventing restenosis and late cardiac events after: coronary angioplasty 


































oe Paton, were found i in yoy o (87%), yit 


and should be reserved for patients with a specific indication for the drug. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


377 | ae 
Atrial Natriuretic Peptide Response to Cardicversion of Atrial 
Flutter and Fibrillation and Role of Associated. Heart Failure 
Sakti Mookherjee, Gunnar Anderson, Jr., Harold Smulyan, m | 
Suman Vardan 








Plasma atrial natriuretic peptide (ANP) levels were measured before and 
| hour after elective cardioversion in 27 patients with atrial flutter and 13 








with atrial fibrillation. One patient had spontaneous. and 2 pharmacologic 


eardioversion, whereas the remaining 37 needed electrical cardioversion, 
which was successful in 36 patients. Congestive heart failure was observed 


im 14 patients (11 with atrial flutter and 3 with atrial fibrillation). Inde- i 


pendent of the congestive heart failure status, duration of arrhythmia oro 
teft atrial size, the ANP levels that were elevated comparably in patients - 
with atrial flutter and fibrillation decreased significantly after cardiover- 
sion. Use of anesthesia for electrical cardioversion or the mode of cardio- 
version did not influence the ANP response to conversion to sinus rhythm. 
The patient in whom cardioversion was unsuccessful had an unchanged, 
elevated ANP level. The change in ANP after cardioversion correlated 
strongly with its pretreatment level but not with the change in ventricular 
rate or blood pressure. 
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Sudden Cardiac Death While Wearing a Holter Monitor _ 
Klaus V. Olshausen, Thomas Witt, Tiberius Pop, Norbert Treese, Klaus- 
Peter Bethge, and Jürgen Meyer : 


ain tore were analyzed. In the aa ones repe AN 











The following is a briet summary only. Before prescribing, see complete prescribing information in Quinidex product labeling 


Contraindications: iniraventricular conduction detects. Complete A-V block. A-V conduction disorders caused by digitalis intoxication. Aberrant impulses and abnormal rhythms due 
to escape Mechanisms. Idiosyncrasy or hypersensitivity to quinidine or related cinchona derivatives. Myasthenia gravis 
: In the treatment ol atrial flutter, reversion to sinus rhythm may be preceded by a progressive reduction in the degree of A-V block to a 1:1 ratio, resulting in an extremely 
rapid ventricular rate. This possible hazard may be reduced by digitalization prior to administration of quinidine 
Reports in the literature indicate that serum concentrations ol digoxin may increase and may even double when quinidine is administered concurrently Patients on concomitant 
therapy should be carefully monitored for digitalis toxicity. Reduction of digoxin may have to be considered 
Manilestations of quinidine cardiotoxicity such as excessive prolongation of the QT interval, widening of the ORS complex and ventricular tachyarrhythmias mandale immediate 
discontinuation of the drug and/or close clinical and electrocardiographic monitoring 
in susceptible individuals, such as those with marginally compensated cardiovascular disease, quinidine may produce clinically important depression of cardiac function manifested 
by hypotension, bradycardia, or heartblock Quinidine therapy should be carefully monitored in such individuals 
Quinidine should be used with extreme caution in patients with incomplete AV block since complete AV block and asystole may be produced. Quinidine may cause abnormalities of 
Cardiac rhythm in digitalized patients and therefore should be used with caution in the presence of digitalis intoxication 
Quinidine should be used with caution in patients exhibiting renal, cardiac or hepatic insufficiency because of potential accumulation of quinidine in serum, leading to toxicity 
Patients crag proi occasionally have syncopal episodes which usually result from ventricular tachycardia or fibrillation. This syndrome has not been shown to be related to 
dose or serum Syncopal episodes frequently terminate spontaneously or in response to treatment, but sometimes are fatal 
Cases of hepatotoxicity, including granulomatous hepatitis, due to quinidine hypersensitivity have been reported Unexplained tever and/or elevation of hepatic oumas, particularly 
in the early stages of therapy, warrant consideration of possible hepatotoxicity. Monitoring liver function during the lirst 4-8 weeks should be considered. Cessation o quinidine in 
these cases usually results in the disappearance of toxicity 
Precautions: Genaral —All the precautions applying to regular quinidine therapy apply to this product Hypersensitivity or anaphylactoid reactions to quinidine, although rare, 
should be considered. especially during the first weeks of therapy. Hospitalization for close Clinical observation, electrocardiographic monitoring. and determination of serum quinidine 
levels are indicated when large doses of quinidine are used or with patients who present an increased risk 
Information for Patients—As with all solid dosage medications, Quinidex Should be taken with an adequate amount of fluid, preferably with the patient in an upright 
position to facilitate swallowing. They should be swallowed whole in order to preserve the controtied-release mechanism 
ratory Tests—Periodic blood counts and liver and kidney function tests should be performed during long-term therapy: the drug should be discontinued if blood dyscrasias 
of evidence of hepalic or rena! dysfunction occurs 


Drug Interactions 
Effect 
Quinidine with anticholinergic drugs Additive vagolytic effect 
Quinidine with cholinergic drugs Antagonism of cholinergic elects 
er me a Carbonic anhydrase inhibitors, sodium bicarbonate, Alkalinization of urine resulting in decreased excretion of quinidine 
iazide diuretics 
Quinidine with coumarin anticoagulants Reduction of clotting tactor concentrations 
Quinidine with tubocurare, succinyicholine and decamethonium Potentiation of neuromuscular blockade 
Quinidine with phenothiazines and reserpine Additive cardiac depressive effects 


Quinidine with hepatic enzyme-inducing drugs (phenobarbital) Decreased plasma hall-lile of quinidine 


phenytoin, ritampin) 
Quinidine with digoxin Increased serum cancentration of digoxin (See Warnings) 
Quinidine with amiodarone Increased serum concentration of quinidine 
Quinidine with cimetidine Prolonged quinidine half-lite and an increase in serum quinidine level 
Quinidine with ranitidine Premature ventricular contractions and/or bigeminy 
Quinidine with verapamil Increased quinidine hall-lile and an increase in serum quinidine level; potential hypotensive reactions 
Quinidine with nifedipine Decreased serum concentrations of quinidine 


Carcinogenesis: Studies in animals have not been performed to evaluate the carcinogenic potential of quinidine 
, Teratogemc Effects: Pregnancy Category C. Animal reproduction studies have not been conducted with quinidine. There are no adequale and well-controlled studies 
in pregnant women. Quinidex Extentabs should be administered to a pregnant woman only it clearly indicated 
Nontera Effects: Like quinine, quinidine has been reported to have yer ovat The significance of this property in the clinical setting has not been established 
Labor and Delivery— There is no known use for Quinidex Extentabs in labor and delivery However, quinidine has been reported to have oxytocic properties. The significance ot 
this property in the clinical setting has nol been established 
Nursing Mothers — Because 


— Nausea, by lever), esophagitis 
Cardiovascular — Ventricular extrasystoles occurring at a rate of one or more every 6 normal beats, widening of the QRS complex and prolonged QT interval. complete A-V block. 


syncope 
Otologic Disturbed hean (ti AS prenn audlory ac ra yew blur ophobia 
— ng (tinnitus, ory acuity), disturbed vision (mydriasis, blurred vision, disturbed color ion, n 
diplopia, night blindness, scotomata), optic neuritis, reduced visual tieid ~~ 
— Cutaneous flushing with intense pruritus, photosensitivity, urticaria, rash, eczema, extoliative eruptions, psoriasis, abnormalities of pi lation 
tivity — Angioedema, acule asthmatic episode, vascular collapse, respiratory arrest, hepatotoxicity, granulomatous hepatitis (See Warnings), fa, vasculitis 
tologic— Thrombocytopenia, thrombocytopenic purpura. agranulocytosis, acute hemolytic anemia, hypoprothrombinemia, leukocytosis, shift to left in WBC differential, 


neutropenia. 
/mmunologic— lupus erythematosus, lupus nephritis 
tet BY Saraga in serum skeletal muscle creatine phosphokinase, arthralgia. myaigia 
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Twice-a-day dosing* to make 
life easier for your arrhythmia 
patients. That’s the Quinidex® 
advantage. Because, like the heart, 
Quinidex Extentabs® have been 
uniquely constructed for 
dependable around-the-clock 
performance. 


*Some patients may require t.i.d. dosing. 
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ectopic” sein re did patients with vichyariijttionlé d th (8 
op ig ~ <0.01). Monomorphic. ventricular tachycardia was found in 26 pati 
(43%), polymorphic tachycardia in 15 (25%), torsades de pointes 
- (8%), primary ventricular fibrillation in 3 (5%) and atrial tachycardia i i 
patient. In tachyarrhythmic patients, an increase in heart rate within th 
last 3 hours was noted (83 vs 89 beats/min, p <0.05). Ventricular prema- = 
ture beats and complex arrhythmias increased significantly only within’ = 
the last hour. Thus, monomorphic ventricular tachycardia is the arrhyth- 0 
mia most frequently associated with sudden death. Increase in heart rate. 
before death is small and clinically insignificant. Increase in complex a 
ectopy is noticed only within the last, hour. ae 























387 SS ae 
Late Results of the Lett Subcostal App | 
Implantable Cardioverter Defibrillator Irn ati wr Pee Soo 
Padraig G. O'Neill, Gerald M. Lawrie, Raj R. Kaushik, L ette F. Harvil, oe 
and Antonio Pacifico : ee 
This study evaluated the late results of the left subcostal surgi cal 
for the implantation ofan automatic implantable cardioverte 
=- tor (AICD) in 48 consecutive patients with life-threatening Vy aes 
_ arrhythmias. Patients were followed for a minimum of l year. Satisfactory 
_ intraoperative defibrillation thresholds were obtained in 42 patients. The | 
- mean intraoperative defibrillation threshold for the entire group was 13.8 
+ 6.6 J. Minimal surgical morbidity was noted and postoperative conva- 
lescence was rapid. Long-term survival and freedom from arrhythmic 
death was comparable to that achieved with other surgical techniques. — 
The subcostal approach for AICD implantation i is the procedure ore choice - 
- unless concomitant open-heart surgery: is planned. — Po eee 








CONGESTIVE HEART FAILURE 


391 i ee 7 
Influence of Dilated Cardiomyopathy, Myocarditis and Cardiac a ae 
oa Transplantation on the Relation Between Plasma Atrial ae | E 
< Natriuretic Factor and Atrial Pressures l > 
“Joshua M. Hare, Kenneth L. Baughman, David A. Kass, Steven N. 
Goodman, and Paul W. Ladenson 





To test whether dilated cardiomyopathy, myocarditis or cardiac trans- 
_ plantation affect the relation between atrial natriuretic factor (ANF) level 
and filling pressures, right atrial plasma ANF concentration, pulmonary 
_ arterial wedge pressure and right atrial pressure were measured in patients 
with dilated cardiomyopathy with and without myocarditis and in patients 
with prior cardiac transplantation. ANF was significantly correlated with 
pulmonary arterial wedge and right atrial pressures in cardiomyopathy 
patients both with and without myocarditis. However, myocarditis was- 
not a significant independent predictor of ANF level. A significant. num- 
ber of cardiomyopathy patients with normal filling pressures had elevated. 
-© circulating ANF. Cardiac transplant recipients displayed no correlation 
= between ANF level and either right or left filling pressures. In conclusion, 
left and H right atrial Bees are pSr en nants of circulating 
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hs whereas s other adas influence plasn ia ANF concen ta 
a significant number of patients with cardiomyopathy and in denervated — . 
human hearts. oe 





_ VALVULAR HEART DISEASE 






398. 
k Beneficial Effect of Atrial Pacing in Severe Acute Aortic 
Regurgitation. and Role of M-Mode Echocardiography in 
Determining the Optimal Pacing Interval 
Theo E. Meyer, Pinhas Sareli, Richard H. Marcus, Jai Patel, and 
Martin R. Berk 





The effect of atrial pacing on the hemodynamics of acute, severe aortic 
regurgitation was assessed in |] patients, all of whom had diastolic closure 
of the mitral valve. Once baseline recordings were obtained, the pacing 
rate was increased by 10 beats/min to a maximal rate of 140 beats/min. 
The optimal pacing interval was defined as that at which the lowest filling | 
pressure was associated with the highest cardiac output. This interval was - 
then compared with a pacing interval derived from the R wave of the : 
electrocardiogram to the mitral closing point on the echocardiogram. The = 
optimal rate ranged from 110 to 130 beats/min (mean 120+ 8), and > > 
differed from the echocardiographic-derived pacing interval by 18 + 21 

ms. At the optimal rate, left ventricular end-diastolic pressures decreased 
from 46 + 7 to 23 + 12 mm Hg (p <0.001), and the pulmonary arterial 
wedge pressures from 28 + 8 to 16 + 7 mm Hg (p <0. 001), while the 
cardiac index increased from 2.34 + 0.46 to 2.63 + 0.49 liters /min/m/*(p 
<0.01). Atrial pacing has a predictable, beneficial effect in acute, severe 
aortic regurgitation. The optimal rate can be predetermined: from the 

echocardiogram. 





_ CARDIOMYOPATHY 


404 _ 
- Simultaneous Occurrence of Mitral Valve Prolapse and Systolic 
Anterior Motion in Hypertrophic Cardiomyopathy 
Julio A. Panza and Barry J. Maron 








This report describes a subset of patients with hypertrophic cardiomyopa- = 
thy (HC) and unusual mitral valve dynamics involving systolic anterior — 
motion (SAM) and marked mitral valve prolapse (MVP). By echocardi-  — 

_ ography, the mitral valve in these patients appeared to be increased in size 
relative to the left ventricular cavity and mitral anulus. Distal portions of 
the mitral leaflets approached or made contact with the ventricular sep- 
tum, while the proximal portion of the leaflets showed marked excursion — 

into the left atrium. Three mitral valves available for gross visual inspec- 

tion did not show the ee features of f primary. MVE. Clinical a l 














the clinical spectrum of HC and emph: size e that functiona NO: 
alities in this disease are not confined to left ventricular myocardium | l 


~~ also involve the mitral valve. 


411i 
pe Comparison of Left Ventricular Ejection Fraction by Magnetic 
_ Resonance Imaging and Radionuclide Ventriculography in 
-Idiepathic Dilated Cardiomyopathy 


Carlo Gaudio, Gaetano Tanzilli, Pietro Mazzarotto, Mario Motolese, 


Francesco Romeo, Benedetto Marino, and Attilio Reale 


Left ventricular ejection fraction determined by spin-echo multislice-mul- 
tiphase gated magnetic resonance imaging (MRI) on the short-axis plane 
was compared with equilibrium radionuclide ventriculography in 32 pa- 


tients with idiopathic dilated cardiomyopathy. The 2 examinations were j 


-consecutively performed in our center on the same day, with a mean time — 
-interval of 40 minutes. A high correlation. was obtained (y = 0.79 X 
$351, r = 0.91; p <0.001) and a good agreement between measurements 
- of the 2 methods (mean difference 1.7, with 95% confidence interval 0.71 

to 2.68). MRI interobserver and intrapatient variability also showed a 


. high correlation (r = 0.91, r = 0.98). Our data suggest that MRI, using o 

the short-axis approach and the multislice-multiphase technique, is an 
- accurate, noninvasive, reproducible method for determining left ventricu- 
os lar ejection fraction in patients with idiopathic dilated cardiomyopathy. ce 


. MISCELLANEOUS 


416. l i a | 
Stroke Volume = During Submaximal Exercise in Endurance- 
Trained Normotensive Subjects and in Untrained Hypertensi: 
Subjects with Beta Blockade (Propranolol and Pindolol) —— 
Kathy D. Scruggs, Nicholaus B. Martin, Craig E. Broeder, Zandrie 
‘Hofman, Evan L. Thomas, Kathleen C. Wambsgans, and 

| Jack H. Wilmore 


T he effect of B-adrenergic | blockade on strake volume (SV) at increasing 
“sut bmaximal exercise intensities was studied i in 12 endurance-trained nor- 
-Motensive and 12 untrained hypertensive í 
mm Hg) men, aged 18 to 34 years, while sasianed to each of 3 treatments: 

- placebo, propranolol and pindolol. Cardiac. outputs were estimated at rest 
- and while walking on a treadmill at 25, 45, 60 and 75% of the subject’s 
~epreviously determined maximal oxygen uptake. No significant differences 
were found in cardiac output between either of the drugs and placebo at- 
“rest, or at any of the 4 rates of work. Pro sranolol significantly increased 
SV above placebo values (p <0. 05) for both trained and untrained sub- 
jects at the intensities of 45, 60 and 75%. Significant differences in SV 


were found between pindolol and placebo only at the intensities of 60 and me 


75% in the trained men. 





rth ‘of Seattle ad has 3 rapidly secant satellite 
fices. Everett has 2 accredited hospitals with 188 
d 222 beds. Opportunity for exceptional personal/ 
professional lifestyle. Position offers competitive sala- 
“fy with excellent benefits. Position available now. 
Send C.V. to Kirk H. Prindle, M.D., The Everett Clinic, 
3901 Hoyt Avenue, Everett, WA 98201. 


In ae cardiology practice Dayton, Ohio. 
Send CV: 2200 Philadelphia Drive, Suite 
, Dayton, Ohio 45406. _ 


2 Coastal Southeastern U.S.—Great opportunity for Invasive Cardiolo- 
gist to join two established, Non-invasive Cardiologists. Thriving prac- 
ice in a beautiful resort community. Live on majestic St. Simons or 
3a Island on the southern coast of Georgia and enjoy year-round va- 
tion lifestyle. Existing opportunity to do over 200 catheterizations 
- per year on an as-scheduled basis only. No angioplasty. Send CV or 
‘call Brad Peters, Jackson and Coker, Inc., 115 Perimeter Center Place, 
Suite 380 10183, Atlanta, GA 30346, Tel. 1-800-544-1987. 


CARDIOLOGISTS AND CARDIOVASCULAR SURGEONS—COME PRAC- 
TICE IN THE SOUTH! Practice opportunities available for board certified/ 
board eligible cardiologists and cardiovascular surgeons in Alabama, Arkan- 
. ‘sas, Delaware, Florida, Georgia, Kentucky, Louisiana, North Carolina, Missis- 
sippi, South Carolina, Tennessee, Texas, Virginia, West Virginia, and other 
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he effect of diltiazem on long-term outcome after 
ute myocardial infarction viet was assessed in 
quently followed for 

sopulation included 855 

tien s (36%) with at least 1 prior AMI before the 

x infarction and 1,522 patients (64°%) with a 
rst AMI, of whom 409 (27%) had a first non-Q- 
wave AMI, 664 (44%) a first inferior Q-wave AMI, 
and 449 (30%) a first anterior Q-wave AMI. This 
post hoc analysis revealed that, among patients 
_. with first non-Q-wave and first inferior Q-wave 
AMI, there were fewer cardiac events during fol- 
= fow-up in the diltiazem than in the placebo group, 
_ and that the reverse was true for patients with first 
< anterior Q-wave AMI or prior infarction. The diltia- 


Post-infarction Trial and sub: 


<<: gem:placebo Cox hazard ratio (95% confidence lim- 
< its) for the trial primary end point (cardiac death or 
nonfatal reinfarction, whichever occurred first) 
wast first non-Q-wave AMI—0.48 (0.26, 0.89); 

| first inferior Q-wave AMI—-0.66 (0.40, 1.09); first 
terior Q-wave AMI—0.82 (0.51, 1.31); and pri- 
© r AMI—1. 11 (0.85, 1.44). Use of cardiac death 
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clone as an end point gave an even more sharp 
ly focused treatment d 
Q-wave AMI—-0.46 (0.18, 1.21); first inferi- 

or Q-wave AMI-—-0.53 (0.27, 1.06); first anterior — 
Q-wave AMI—1.28 (0.68, 2.40); prior infarc- 
tion—1.26 (0.90, 1.77). E 

Further analysis revealed that these differences: 7: 
in the effect of diltiazem in large part reflected the E 
different status of the 4 electro aphically | 
defined subsets in terms of left ventricular function. 2 
Mean (+ standard deviation) ejection fraction for = — 
patients with first non-Q-wave AMI (placebo, 0.53 
+ 0.13; diltiazem, 0.54 + 0.12) was comparable to 
that of patients with a first inferior Q-wave AMI l 
(placebo, 0.52 + 0.10; diltiazem, 0.52 + 0.11), and 
both these first AMI subsets had a lower kon 
of radiographic ary congestion range (10 to | 
16%) during the acute nfarction than did patients _ 
with first anterior Q-wave or prior AMI. Mean ejec- 
tion fraction for the subset of patients with first an- 
terior Q-wave AMI (placebo, 0.38 +0.13; ditia- 
zem, 0.40 + 0.12) was- arable to that of pa- 
tients with at least 1 prior AMI (plac o, 0.44 + 
0.15; diltiazem, 0.43 + 0.14) and the fri -oft 
pulmonary congestion in these 2 infarct subsets 
ranged from 24 to 26%. 

The differential effect of — on 
tion outcome in these. i aphically cate- 
gorized AMI subsets appears closely linked to the 
bidirectional effect of diltiazem (beneficial in the ` 
majority of patients with well-preserved left ven- | 
tricular function, harmful in the minority with im- 
paired left ventricular function) that was scidal 
in the primary Multicenter Diltiazem Post-infarc- 
tion Trial analysis. In patients. with multiple nf 


























































fant of outcome after z acute myo- 
ardial infarction (AMI) is the extent of me- 
k -chanical damage to left ventricular function.'~ 
rity of left ventricular dysfunction i is determined, in 
-by the presence of prior infarction, by the electro- 
iographic type (Q-wave versus non-Q-wave), and 
y the location (anterior versus inferior) of infarction.+~’ 
or example, patients with a first non-Q-wave AMI 
generally have a more favorable long-term prognosis 
-than patients with extensive, or recurrent, Q-wave in- 
arction.© 
-S The primary report from the Multicenter Diltiazem 
ost-Infarction Trial (MDPIT), published in 1988,° 
owed that diltiazem exerted no overall salutary effect 
long-term cardiac death or recurrent infarction. 
er, when patients were subgrouped according to 
sence or absence of radiographic pulmonary con- 
during the index hospitalization, a significant bi- 
nal (harmful or beneficial) diltiazem effect was 
-observed in those patients who did or did not manifest 
; radiographic pulmonary congestion, respectively, during 
“the acute infarct event. This detailed covariate analysis 
` of the MDPIT indicated that there was a diltiazem-re- 
-lated reduction in cardiac death in patients after infarc- 
ion with well-preserved left ventricular function, and a 
diltiazem-related increase in cardiac death in patients 
: with impaired ventricular function.? 
_... In the earlier Diltiazem Reinfarction Study, prophy- 
lactic diltiazem administration for up to 14 days after 
“acute non-Q-wave AMI was associated with a signifi- 
cant reduction in early reinfarction, although the 2- 
week mortality rate was similar in the diltiazem and 
placebo-treated groups.” Accordingly, because the Dil- 
tiazem Reinfarction Study emphasized the beneficial 
short-term efficacy of diltiazem in a single electrocar- 
-diographically defined AMI subset, the purpose of the 
present study was to assess the effect of diltiazem on 
long-term outcome in several electrocardiographically 
categorized AMI subsets, using the extensive MDPIT 
database. In particular, a new electrocardiographic 
-analysis code was designed for the MDPIT study!'; it 
was tested by retrospective application to the previously 
published Multicenter Post-Infarction Program,' and 
“was subsequently validated in a large, prospective, post- 
“infarction clinical trial.!*!2 For the present study, the 
relations among the electrocardiographic subtype (Q- 
: wave versus non-Q-wave), site (anterior versus inferior), 
nd underlying state of left ventricular function were 
xamined systematically to clarify further the effect of 
‘diltiazem in various subsets of patients recovering from 
“AML, and to provide therapeutic guidelines for the opti- 
mal use of diltiazem in patients after infarction. 


















METHODS 
_ The design, organization, patient recruitment, data 
acquisition, follow-up and data management aspects of 
MDPIT have been reported previously,*° The analyses 
used t analy ic. database released April 16, 1988. 

jtuk ulat original MDPIT study popu- 








ts (1,234 assigned to place- ysi 
eral, 19% of the 13, 61 8 8 eligi- 


n M 7 o 


ble post-AMI patients wio met st 
were enrolled in the trial. Patients Were exc fo 
various clinical and logistic reasons, as previously Te 
ported.’ In particular, patients were excluded if they ex. 
hibited unstable angina after AMI that required calci 
um antagonist therapy for control, or if coronary by. 
pass surgery was planned. All patients enrolled in the- 
MDPIT had enzymatic evidence of AMI, determined — 
by the clmical laboratories at the 38 U.S. and Canadian 

enrolling sites, as previously detailed.® : Shab 

Electrocardiographic classification: For the present S 
analysis, patients with left or right bundle branch block 
or pacemaker rhythm on the initial qualifying electro- 
cardiogram were excluded (n = 89). Patients with a 
clinical history or electrocardiographic evidence of Q o 
wave myocardial infarction before the index were cate- 
gorized as having a prior infarction (n = 855). 

The remaining patients were categorized as havinga 
first infarction (n = 1,522), and these were further sub- = 
divided by infarct subtype (Q-wave versus non-Q-wave) 
and Q-wave location, according to the electrocardio- 
graphic code!! developed for this study, and applied ret- 
rospectively to the Multicenter Post-Infarction Pro- Ee 
gram.' Non-Q-wave AMI (n = 409) was defined by the © 
absence of diagnostic (20.04 second) Q waves or | 
changes cf a true posterior infarction (R/S ratio 21 in 
lead V2). Inferior Q-wave AMI (n = 664) was defined = 
by the presence of diagnostic Q waves in diaphragmatic 
leads I, IHI, aVF or an R/S ratio 21 in lead V2, or 
both. Anterior Q-wave AMI (n = 449) was defined as 
diagnostic Q waves in leads V-V; with or without. Q E 
waves in leads I, aVL, Vs or Vę. 

Left ventricular function: Two independent mea- 
sures of left ventricular function were assessed in the 
MDPIT patients. The 2 covariates (radiographic pul- 
monary congestion and radionuclide ejection fraction) 
were among 12 variables that were prespecified before 
trial unblinding, sing the findings from a prior post- 
infarction study.! Radiographic pulmonary congestion 
was defined from the most representative chest roent- 
genogram obtained during the initial 24- to 48-hour pe- 
riod of hespitalization in the coronary care unit. The 
presence of pulmonary congestion was assessed by the 
attending radiologist’s interpretation at each participat- 
ing institution and, for the purpose of this analysis, was ~~ 
defined as a dichotomous variable (none versus any con- 
gestion on the chest x-ray). 

Radionuclide ventriculography was performed at 
each enrolling site using either the first-pass or equilib- 
rium multigated approach. Ejection fraction data were 
obtained using standard volume and count-based tech- 
niques, and radionuclide studies were generally obtained 
before hospital discharge, but not contemporaneously 
with the determination of radiographic pulmonary con- 
gestion by chest x-ray. Oe 

End points: The primary end point for the MDPIT “ae 
was first recurrent t cardiac prann rdiac death o 32 














































































A used to assess o 


seline Characteristics of Electrocardiographic 
by Treatment Assignment 


Electrocardiographic Subsets” 


Prior 
Infarct 
{n = 855) 


First 
Anterior Q 
(n = 449) 


First 
inferior Q 
(n = 664) 


First 
Non-Q 
haracteristics (n = 409) 


tean age (yr) 
~ Placebo 
Diltiazem 
ex(M/F) 
Placebo 
Diltiazem 
diac history 
NYHA class II-1Vt 
Placebo 13 li 32 
Diti: 15 10o 29 
eatment for hypertension | , 
Placebo 38 35 45 
~: Diltiazem 42 38 37 
£ oronary bypass surgery 
3 


5949 
594 10 


57411 
56411 


58 +9 
57 +10 


85/15 
80/20 


79/21 
85/15 


74/26 
74/26 


l1 
13 


l “a Greater than bibasilar pulmonary rales 
-< Placebo 2.7 6.1 

|. Diltiazem 4.3 

1 eane kinase >1,000 U 

| -Placebo 219 
ai eds 24.9 


= oon blood pressure <100 mm Hg 
| Placebo 2.7 a 
|. Diltiazem 3.8 6.5 


receive’ either 60 mg of diltiazem aly every 6 


hours or placebo in a double-blind manner 3 to 15 days 


after onset while still hospitalized. The randomization 
ocedure included blocking within each hospital for the 
number of days from AMI onset to randomization (<5 
ys, >5 days), current 6-blocker usage (no, yes), and 
‘ork Heart Association functional classification 1 


ionth before hospitalization (I vs II to IV). The study 


its were followed for 212 months up to a maxi- 

m of 52 months; the average follow-up was 25 + 8 

hs per patient. The statistical procedures used life- 

1ethods to account for variable length of follow- 

analyses used the Cox proportional-hazards 
odel!* RS computer Pe 


TABLE! (Continued) 


Flectrocardiographic Subsets” 


First 
inferior Q 
(n = 664) 


First 
Anterior Q 
(n = 449) 


First 
Non-Q 
Characteristics {n = 409) 


Chest x-ray 
Pulmonary congestion? 
Placebo 16.1 13:4. 
Diltiazem 10.1 14. 8 
Mean radionuclide ejection faction. . 
Placebo 0.5340.13 0.52 n 0.10 
Diltiazem  0.54£40.12 0.524011 
Ambulatory electrocardiogram 
Mean heart rate (beats/min) - 
Placebo 69412 
Diltiazem © 68410 
Any ventricular ectopics 
-Placebo 89.0- 
Diltiazem 84l 
210 ventricular ectopics /hour 
Placebo. 14.1 13.6 
Diltiazem 12.8 10.0 
_ 23 ventricular ectopics in a row 
Placebo 9.4 ‘ 79 
Diltiazem 13.4 e 
Medication 
Antiarrhythmic agents 
Placebo 6.7 10,1 
Diltiazem 7.0 ; nT 
8 blockers 
. Placebo 
Diltiazem 
Digitalis 
Placebo 10.3 
Diltiazem 6.5 
Diurétic agents 
Placebo 20.5 
Diltiazem. 19.5 
Nitrates other than sublingual | 
Placebo 68.3 63.4 
Diltiazem 64.3 56.8 | 
* Figures are percentages unless. otherwise indicated: values are mean + standard . 
oe aoe York Heart Association functional classification 1 month before entry. 


t Pulmonary congestion by x-ray examination. eee as mild, moderate or.. 
severe: 


257. 

24.3. 
0.38+0.13 0. 
0.40 +0.12 


75414 
71412 


7110. 
70411 


84.0 
81.7 


85.6 
86.7 


(14.4 
14.3 


ATA 
56.3 


60.7 
67.0 
22.0 
16.7 


22.5 
21.2 


tor variables representing dhe: 4 AMI categories, and 4 


indicator variables representing | the treatment effect 


within the individual infarct categories were also includ- 


ed in the model. The comparison of end point events 
between the 2 treatment subgroups of each infarct cate- 


gory is reported in terms of the Cox hazard ratio. This 
ratio is the risk of experiencing the end point event per 


unit of time for patients randomized to dilitazem, to the 
risk for patients randomized to placebo. Separate analy 

ses were performed for subgroups with and without ra- 
diographic pulmonary congestion and for the subgroup. 
with radionuclide ejection fraction dichotomized at 


20.40 or <0.40. Each of these covariates was assesse 


during the index hospitalization for the acute AMI. 
All outcome KREN were shined the t treatm 





~~ Total Population 


ectrocardiographic ~~ Placebo Diltiazem 


(%) 


No Pulmonary Congestion 


Placebo Diltiazem 


(%) 


Cardiac Death 


First non-Q AMI 
First inferior Q AMI 
First anterior Q AMI 
-Previous AM! 


First non-Q AMI 
First inferior Q AMI 
First anterior Q AMI 
Previous AMI 


AMi: m. ‘acute myocardial infarction. 


Baseline characteristics: The baseline characteris- 

cs of the 4 infarct categories and their treatment sub- 
ups are listed in Table I. Approximately 64% of pa- 

its sustained a first AMI; the remaining 36% had at 
least 1 prior infarction, as defined previously on the ba- 
sis of clinical or electrocardiographic grounds, or both. 
Among those with a first infarction, 27% had a non-Q- 
wave AMI, 44% an inferior Q-wave AMI, and 29% an 
anterior Q-wave. ‘AMI. Baseline characteristics were 
comparable between the 2 treatment groups in each 
electrocardiographic infarct category. Patients could be 
categorized into 2 hemodynamic subgroups as deter- 
mined by ejection fraction and pulmonary congestion at 
study entry (Table F). Patients with first non-Q-wave or 


MDPIT NON-Q WAVE MI ANALYSIS 


| TIME TO FIRST RECURRENT CARDIAC EVENT 


pee ea ane 


TME (DAYS) 


first inferior Q-wave AMI had higher mean ejection — 


fractions (range 0.52 to 0.54) and a lower frequency of 


radiographic pulmonary congestion (range 10 D to 16 
than patients with first anterior Q-wave or prior in 
tion (ejection fraction range 0.38 to 0. 44; frequency of 
sapere congestion 24 to 26%). E 

End points: The first recurrent cardiac event. rate 
and cardiac mortality rate for the entire follow-up per 


od by electrocardiographic AMI subset, presence or ab- 


sence of pulmonary congestion, and treatment assign- 
ment are summarized in Table II. Patients with first 
non-Q-wave or inferior Q-wave AMI had a lower first 
recurrent cardiac event rate and cardiac death rate with © 
diltiazem than with placebo. Figure 1 shows the Kap- 
lan-Meier life-table analysis for first recurrent cardiac — 
event rate in the non-Q-wave myocardial infarction sub- _ 
set. By contrast, patients with a history and electrocar- 


~ Placebo - No PC 
-= Diltiazem -No PC 
—--— Placebo - PC 


S 
Gr 


CARDIAC MORTALITY RATE 





antr hm ET 


diographic evidence of prior infarction had a higher oc- 
currence of these end points with diltiazem than with 
placebo. Thus, the bidirectional influence of diltiazem 
, already shown with respect to pulmonary congestion®? 
was also observed with respect to electrocardiographic 
infarct category. 

These distinctions were sharpened by the additional 
examination of electrocardiographic subsets with and 
without pulmonary congestion. The Kaplan-Meier life- 
table analyses for first recurrent cardiac event rate and 
cardiac mortality rate are graphically illustrated in Fig- 
ures 2 through 5. Decreased end point occurrence (car- 
diac mortality) was evident in diltiazem-treated patients 
having first non-Q-wave infarction with and without 
pulmonary congestion (Figure 2). Cardiac mortality 
was decreased in first inferior Q-wave infarction with- 
out pulmonary congestion but was not apparent in those 
having first inferior Q-wave infarction with pulmonary 
congestion (Figure 3). Conversely, increased end point 
occurrence was present in diltiazem-treated patients 
having first anterior Q-wave infarction (Figure 4) or 
prior myocardial infarction (Figure 5) with pulmonary 
congestion, but this adverse diltiazem treatment effect 
was absent in the same infarct categories without pul- 
monary congestion (Figures 4 and 5). 

Electrocardiographic infarct category and presence 
or absence of pulmonary congestion had a combined in- 
fluence that could be predicted from their relation to 
left ventricular function: Circumstances associated with 
more preserved function (first non-Q-wave or inferior 
infarction; no pulmonary congestion) led to the greatest 
reduction in cardiac events on diltiazem; and circum- 
stances associated with more impaired left ventricular 
function (first anterior Q-wave or prior infarction; pul- 
monary congestion) led to the greatest increase in cardi- 
ac events with diltiazem. 
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Multivariate analyses: Table III details the multi- 
variate analyses using the Cox proportional-hazards re- 
gression model. Separate analyses were performed for 
the primary end point of a first recurrent cardiac event, 
as well as for cardiac death alone. Each analysis was 
conducted for the total study population of 2,377 pa- 
tients, and for the population subdivided by the presence 
or absence of radiographic pulmonary congestion. A 
consistent relation emerged: The diltiazem:placebo haz- 
ard ratios for both trial end points were significantly less 
than unity (indicating a benefit from diltiazem) in pa- 
tients having either first non-Q-wave or inferior Q-wave 
AMI. The diltiazem:placebo Cox hazard ratios for both 
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FIGURE 4. Cumulative rate of cardiac mortality for first ante- 
rior/anterolateral Q-wave acute myocardial infarction accord- 
ing to the presence or absence of radiographic pulmonary con- 
gestion (PC), and diltiazem or placebo treatment assignment. 





FIGURE 5. Kaplan-Meier life-table analysis for cardiac mor- 
tality in patients with at least 1 prior acute myocardial infarc- 
tion and a superimposed new index infarct, according to the 
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TABLE Ill Effects of Treatment on Cardiac Death and First 
Recurrent Cardiac Events 


No Pulmonary 
Congestion 
D:P Hazard 
Ratio* (95% 
Confidence 
Limits) 


Pulmonary 
Congestion 


Total 
Population 


Cardiac Death 


0.46 
(0.18, 1.21) 


0.61 
(0.22, 1.68) 

0.38 
(0.15, 0.97) 

1.11 
(0.44, 2.83) 

0.75 3.57 
(0.48, 1.18) (1.95, 6.53) 


First Recurrent Cardiac Event 


First non-Q AMI 0.48 0.57 T 


First non-Q AMI 
First inferior Q AMI 
First anterior Q AMI 


Previous AMI 


First inferior Q AMI 
First anterior Q AMI 


Previous AMI 


(0.26, 0.89) 
0.66 

(0.40, 1.09) 
0.82 

(0.51, 1.31) 
1.11 

(0.85, 1.44) 


(0.30, 1.10) 
0.63 
(0.35, 1.12) 
0.62 
(0.33, 1.16) 
0.85 
(0.61, 1.20) 


1.01 


(0.35, 2.92) 


1.62 


(0.73, 3.58) 


2.10 


(1.30, 3.40) 


* Ratio of the risk of end point events among patients receiving diltiazem to that 
among patients receiving placebo. 

t Among patients with a first non-Q-AMI and pulmonary congestion, there were 4 
cardiac deaths and 7 first recurrent cardiac events among the 35 patients given 
placebo, but no cardiac deaths and only 1 first recurrent cardiac event among 18 
given diltiazem (see Table II). Because of the small numbers of patients involved in 
this latter subset and the paucity of end point events, reliable estimates of the hazard 
ratios for cardiac death and first recurrent cardiac event could not be obtained. 

AMI = acute myocardial infarction; D:P = diltiazem: placebo. 





end points were significantly greater than unity (indi- 
cating a detrimental effect from diltiazem) in patients 
with prior infarction complicated by pulmonary conges- 
tion. In fact, there was a gradation of ascending risk for 
both end points among electrocardiographic subsets of 
patients with radiographic pulmonary congestion who 
were treated with diltiazem (Table III). Cox hazard ra- 
tios in patients with previous infarction and pulmonary 
congestion were significantly higher than unity (with 
95% confidence limits >1), indicative of a detrimental 
diltiazem effect in this subset. In some of the subset 
analyses, particularly those involving first non-Q-wave 
and inferior Q-wave AMI, the 95% confidence limits 
span unity; statistical power is reduced because of the 
small sample sizes in some of the analytic cells. Never- 
theless, these data suggest a consistent strong pattern of 
diltiazem benefit in post-AMI patients with relatively 
intact left ventricular function. 

Among patients with a first non-Q-wave AMI and 
pulmonary congestion, there were 4 cardiac deaths and 
7 first recurrent cardiac events among 35 patients as- 
signed to placebo, but no cardiac deaths and only 1 non- 
fatal reinfarction among the 18 patients assigned to 
diltiazem (Table II). Because of the small numbers of 
patients involved in this latter infarct subset, the imbal- 
ance between placebo (n = 35) and diltiazem (n = 18) 
treatment assignment, and the relative paucity of end 
point events, reliable estimates of the hazard ratios for 


340 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 67 


cardiac death and first recurrent cardiac events could 
not be calculated with precision. 


DISCUSSION 

The findings from this comprehensive post hoc anal- 
ysis indicate that the differential effect of diltiazem on 
outcome in several electrocardiographically categorized 
AMI subsets was influenced more by the underlying 
substrate of left ventricular function than by the electro- 
cardiographic infarct subtype and location of damage. 
Our results do not permit any definitive conclusions re- 
garding an exclusive diltiazem treatment effect in any 
particular subset of electrocardiographically defined 
AMI, although multivariate covariate analyses suggest 
a favorable long-term outcome with diltiazem in pa- 
tients with a first non-Q-wave AMI and first inferior Q- 
wave AMI uncomplicated by pulmonary congestion. In 
contrast, there appeared to be an opposite, detrimental 
effect of diltiazem administration in patients with exten- 
sive infarction (first anterior Q-wave AMI; patients 
with at least 1 prior AMI and pulmonary congestion). 

Prognostic importance of Q-wave versus non-Q- 
wave acute myocardial infarction in risk stratification: 
Several prior studies of risk stratification after AMI 
have firmly established the importance of left ventricu- 
lar dysfunction as the major predictor of adverse out- 
come.!6-20 The results of a prospective risk stratification 
and survival study after AMI demonstrated measures of 
mechanical cardiac dysfunction either before or during 
the acute hospitalization (New York Heart Association 
functional class, pulmonary rales and ejection fraction) 
that were strongly and independently predictive of mor- 
tality during the first 2 years after infarction.' When 
angiographic variables obtained at cardiac catheteriza- 
tion were also included in statistical models assessing 
risk, left ventricular ejection fraction at rest, the 
number of diseased coronary arteries and occurrence of 
heart failure in the coronary care unit were the only 
independent predictors of survival using Cox regression 
analysis.?!:2? 

Another approach to risk stratification has sought to 
correlate subsequent postinfarction prognosis based on 
the initial, or admission, electrocardiographic subtype 
(i.e., Q-wave versus non-Q-wave). A recent comprehen- 
sive review listed 35 reports, dating back to 1969, which 
detailed the prognosis and clinical course of non-Q-wave 
infarction.2? This analysis, comprising pooled data on 
>15,000 patients with AMI, indicated a more favorable 
in-hospital mortality in non-Q-wave infarction (10%) 
than that in patients with Q-wave AMI (20%), despite a 
similar late mortality rate of 31 and 26%, respectively. 
Similarly, pooled data on 5,290 patients from 14 pub- 
lished studies dating back to 1976 showed an almost 3 
times greater incidence of reinfarction after non-Q-wave 
(16%) than after Q-wave (6%) AMI.” Because of the 


strong clinical suspicion that coronary vasospasm was a 


principal factor in the genesis of reinfarction and re- 
duced late survival after non-Q-wave AMI, the Diltia- 
zem Reinfarction Study was undertaken to address the 
role of prophylactic diltiazem administration on in-hos- 





vital “infarction, The results of this earlier study sug- 


ested a beneficial short-term reduction in nonfatal 


einfarction in patients with non-Q-wave infarction.!° 

-The present analysis indicated that diltiazem had a 
favorable long-term effect on recurrent cardiac events in 
- patients with non-Q-wave infarction, as well as inferior 
-Q-wave infarction. Thus, we did not find that the bene- 
ial effect of diltiazem was uniquely confined to pa- 
ients with non-Q-wave AMI. These 2 subsets, non-Q- 
wave: and inferior Q-wave oo had similar near- 
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sus. TOSE? fails to daeu i major clini- 
= al and pathologic features, because strict morphologic 
_ (electrocardiographic) classification cannot accommo- 
‘date the varied range of infarct patterns encountered 
‘anatomically within each electrocardiographic subgroup 
‘at necropsy. Accordingly, the designation of Q-wave or 
‘non-Q-wave infarction alone may tend to oversimplify 
‘outcome in various AMI subsets of patients whose mag- 
_ nitude of left ventricular dysfunction is minimal. 
=o importance of first versus prior acute myocardial 
infarction: We separated patients with prior infarction 
` from those with first AMI by clinical history and by 
< findings on the initial qualifying electrocardiogram. It is 
known that patients with prior infarctions are older, 
have more advanced coronary artery disease, and have 
more myocardial damage,?> and such was the case in 
this study. We did not try to classify patients with prior 
nfarction by electrocardiographic type and location be- 
ause subsequent infarcts imply more extensive coro- 
ary artery disease, and such classification would have 
ariably resulted in many small analytic cells. 
patients with first infarctions, the electrocardio- 
e of infarct ype ang orano m 
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_ gardless of da a category. We wish to 
emphasize that these clinical guidelines are based on 
post hoc subset analyses from our extensive MDPIT 


database, and are not intended to represent definitive 
therapeutic recommendations. 

Finally, MDPIT was performed before the wide- 
spread use of thrombolytic therapy for the treatment of : 
AMI. Left ventricular function is well maintained in 
most patients treated with thrombolytic agents, espe- 
cially those with first anterior Q-wave AMI.?”-? The- 
effect of diltiazem when administered to patients treat- 
ed with thrombolytic therapy is not known. However, it 
is reasonable to assume that the bidirectional effects of © 
diltiazem (favorable or unfavorable outcome) will be : 
determined more by the status of left ventricular fanc- 
tion in this patient group than by the presence or ab- 
sence of Q-wave evolution. The results of these and oth- 
er issues pertaining to the possible future role of diltia- 
zem as adjunctive therapy after thrombolysis must 
await the outcome of the Thrombolysis In Myocardi- 
al Infarction-Phase III study, which is currently 
under way. $ 
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Dynamic QRS-Complex and ST-Segment 
Monitoring in Acute Myocardial Infarction 
During Recombinant Tissue-Type Plasminogen 
Activator Therapy 


Mikael Dellborg, MD, Martin Riha, PhD, and Karl Swedberg, MD, PhD, 
for the TEAHAT Study Group 


Changes of the QRS complex are the electrocardio- 


graphic expression of irreversible injury of the 
myocardium. In humans, the process of infarction 
occurs over several hours. A more rapid develop- 
ment of QRS changes has been reported in patients 
treated with thrombolytic agents. Patients with 
strongly suspected acute myocardial infarction 
(AMI) included in a placebo-controlled trial of 100 
mg of recombinant tissue-type plasminogen activa- 
tor (rt-PA) were monitored for 24 hours with con- 
tinuous, on-line vectorcardiography. The magnitude 
of the QRS vector changes correlated with infarct 
size estimated by the maximal value of lactate de- 
hydrogenase—1 (r = 0.69, p <0.001) as well as 
with left ventricular ejection fraction 30 days after 
randomization (r = 0.49, p <0.001). Treatment 
with intravenous rt-PA limited total QRS vector 
change but the QRS vector changes observed oc- 
curred more rapidly and reached a plateau 131 
minutes earlier in patients treated with rt-PA than 
in those receiving placebo (p <0.01). A certain pat- 
tern of highly variable ST vector magnitude was 
identified and was associated with higher maximal 
lactate dehydrogenase—1 values (23 + 13 vs 14 + 
10 ykat/liter, p <0.001) and a tendency to higher 
1-year mortality (24 vs 9%, p = 0.08) than in pa- 
tients without this pattern. In patients with this 
pattern, rt-PA did not affect maximal lactate dehy- 
drogenase—1, time to maximal creatine kinase and 
final magnitude of QRS vector change. 

(Am J Cardiol 1991;67:343-349) 
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diographic expression of irreversible injury of the 
myocardium.!'? Previous studies using repeated 
precordial mapping or standard 12-lead electrocardiog- 
raphy indicate that the process of necrosis as deter- 
mined by electrocardiography may persist for up to 24 
hours.*~> In patients treated with thrombolytic agents, 
enzymatic release has been shown to occur more rapid- 
ly, probably as a result of more rapid development of 
permanent myocardial damage (reperfusion injury).° A 
more rapid evolution of QRS changes has also been re- 
ported in studies using repeated recordings of standard 
12-lead electrocardiography in patients receiving throm- 
bolytic treatment.’ No double-blind, randomized study 
has evaluated thrombolytic therapy using continuous 
QRS-complex and ST-segment monitoring. In the pres- 
ent study, we analyzed a subgroup of patients who were 
included in a randomized, double-blind trial of 100 mg 
of recombinant tissue-type plasminogen activator (rt- 
PA) or placebo given to patients strongly suspected of 
having an acute myocardial infarction (AMI). Electro- 
cardiographic changes were not necessary for inclusion. 
The main results of that study have been published pre- 
viously.® 
Of 352 randomized patients, we monitored a sub- 
group of 103 patients with AMI with continuous on-line 
vectorcardiography during the initial 24 hours after in- 
clusion in the trial. The rate and pattern of development 
and the magnitude of QRS-complex and ST-segment 
changes were studied in order to relate them to enzy- 
matically estimated infarct size and left ventricular 
ejection fraction at 30 days (primary objectives) and to 
the severity and total duration of chest pain, as well as 
to in-hospital and 1-year mortality. 


(Cites of the QRS complex are the electrocar- 


METHODS 

Inclusion and exclusion criteria: Inclusion criteria in 
the Thrombolysis Early in Acute Heart Attack Trial 
was chest pain strongly suggestive of AMI lasting >15 
minutes but <2 hours and 45 minutes in patients <75 
years of age. 

Exclusion criteria were increased risk of bleeding 
due to hemorrhagic diathesis, gastrointestinal or uro- 
genital bleeding or treatment with anticoagulants, a re- 
cent history of stroke (within 6 months), uncontrolled 
hypertension (diastolic blood pressure >120 mm Hg), 
diabetic retinopathy, severe liver or kidney disease, ma- 
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jor trauma (especially to the head) within the previous 6 
months, childbearing capacity, suspected aortic dissec- 
tion, previous participation in the study, alcoholism or 
any other reason for expecting poor compliance. 

Patient series: Three hundred fifty-two patients 
were randomized to placebo (n = 177) or to rt-PA (n = 
175). Because of a limited number of vectorcardio- 
graphic computers, the number of patients who could be 
monitored for 24 hours was limited to 178. Because 
these 178 represented a heterogeneous mixture of pa- 
tients with AMI, unstable angina or noncardiac condi- 
tions, we report the findings from the 103 patients with 
a final diagnosis of AMI, established without the use of 
vectorcardiography. 

Treatment and definitions: All patients received 
5,000 units of heparin intravenously after randomiza- 
tion. A 10-mg bolus of rt-PA was administered intrave- 
nously, followed by an infusion of 40 mg over 48 min- 
utes and of 50 mg over 2 hours and 30 minutes (100 mg 
in 3 hours 18 minutes) or the equivalent placebo. Imme- 
diately after completion of the blinded infusion, an in- 
travenous infusion of heparin was begun and oral medi- 
cation with coumarin initiated. The heparin infusion 
was continued for 3 to 5 days until a sufficient level of 
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anticoagulation was achieved. All patients received 15 
mg of metoprolol intravenously, followed by oral meto- 
prolol 4 times a day unless contraindicated. Twelve to 
24 hours after thrombolytic or placebo therapy was be- 
gun, patients received 125 mg of aspirin daily. Pain was 
evaluated hourly for the first 24 hours by the attending 
nurse, who asked the patient to indicate the severity of 
pain on a visual analog scale from 0 (no pain) to 10 
(unbearable pain). The total duration of pain was calcu- 
lated as well as the total pain score. Total serum cre- 
atine kinase was analyzed every 4 hours during the first 
24 hours and the time from the initiation of therapy to 
the maximal value of creatine kinase was calculated for 
each patient. Creatine kinase MB-subunit was analyzed 
every 12 hours for the first 24 hours for diagnostic pur- 
poses. Lactate dehydrogenase-1 was analyzed every 12 
hours for the first 72 hours. Myocardial infarct size was 
estimated using the maximal value of lactate dehydro- 
genase-l. A final diagnosis of AMI was made using 
prespecified criteria based on elevation of creatine ki- 
nase MB, electrocardiographic criteria and typical chest 
pain. Patients were followed up after 30 days, when an 
exercise test was performed and a radionuclide angio- 
gram obtained. If residual ischemia was present, antico- 


FIGURE 1. Top panel, schematic drawing 
of a vectorcardiographic recording from a 
patient with an acute myocardial infarc- 
tion. The reference mean QRS complex 
(thick lines) and the current mean QRS 
complex (thin lines) in leads X, Y and Z 
are plotted on top of each other. Hatched 
area is the QRS vector difference (QRS- 
VD) added according to the formula. Bot- 
tom, deviation (arrows) from baseline of 
the ST segment 20 ms after the termina- 
tion of the reference QRS complex in each 
of the 3 leads (Xi, Yi and Zi). These, added 
according to the formula, constitute the ST 
vector magnitude (ST-VM). A = area of 
difference in lead x, y or z. 
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FIGURE 3. Left, the 4 different types of 
ST vector magnitude trend curves. Right, 
rapid evolutionary pattern of QRS vector decrease 7 
difference with the trend curve reaching a i hours 2 4 
plateau within 2 hours from the start of a 
recording. Abbreviations as in Figure 1. 
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spresent Pe a ne, o g8 15 27) 

olic BP (mean mm He) Fie. 136 135- 
cBP(meanmmHg) = <89 g4- — 008 

artrate (mean beats/min) = 70 74 

ninterval from onsetof pain -113 114 


8(17) (14 (25) 

clevation at entry 42 (89) 44 (79) 0.23 
Metoprolol iv. at entry 29:(62) 33 (593 

Mean time from onset of pain to ior. 153 

start of VCG (min) 7 

“Figures | in parenthesis are percentages of all pat nisi in each treatment group. 

op >O.25 unless otherwise stated. 


“BP = blood pressure: jv. = intravenous: r-PA = recombinant {issue type plasmince- 
gen activator: VOG = continuous vectorcardiography. 
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— the association between variables. All values are mean 
-> 4 standard deviation, unless otherwise stated. A p value 


z <0.05 was considered statistically significant. 
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| ter rns ‘of QRS vector difference and ST vector 
gnitude change: A rapid pattern of evolution of the 
S vector difference was identified in 19 of 56 pa- 
ents treated with rt-PA and in 2 of 47 in the placebo 
`- group (p <0.001). Patients with a rapid pattern of evo- 
~Jution of the QRS vector difference had a significantly 
_ shorter ST decline time and also tendencies toward a 
` shorter duration of chest pain and to lower in-hospital 
< and 1-year mortality than patients without this pattern 
= {Table II). The different patterns of ST vector magni- 
ude variability seen during the first 4 hours showed a 
imilar distribution among the 2 treatment groups. A 
highly variable pattern was observed in 34% of both 
‘groups; a decrease was observed in 13% (rt-PA) and 
17% (placebo), an increase in 13 and 12%, respectively, 
< and no change in 41 and 36%, respectively. Patients 
- with a highly variable ST vector magnitude (n = 34) 
-had a higher maximal lactate dehydrogenase-1 (23 + 
3144 10 pkat/liter, p <0.001), a higher magni- 
le of change in the QRS vector difference after 24 
-hours (37 + 16 vs 26 + 15 wVs, p <0.01), a longer time 
. to maximal creatine kinase (975 + 370 vs 748 + 409 
min, p <0.01), and a tendency toward a higher 1-year 
_. mortality (24 vs 9%, p = 0.08) than patients without 
>= this pattern (n = 69). F initial ST vector magnitude and 
-> maximal ST vector magnitude was significantly higher 
-in patients with the highly variable ST vector pattern. 
. In patients without the highly variable ST vector mag- 
nitude, treatment with rt-PA significantly reduced the 
maximal lactate dehydrogenase-1, the time to maximal 
~~ creatine kinase and the QRS vector difference magni- 
tude after 24 hours. Among patients with the highly 
~ variable ST vector magnitude, no effect of treatment 
with rt-PA on any of these parameters could be seen. 
















| DISCUSSION 

-The overall results of the present trial indicated a 
_.. reduction by 32% in maximum lactate dehydrogenase-| 

-and a significantly higher left ventricular ejection frac- 
> tion at 30-day follow-up (59 vs 55%) among patients 
- “treated with rt-PA than with placebo.* Because of its 
ae protracted changes in plasma, the maximal value of lac- 
< tate dehydrogenase-1 is suitable as a measurement of 
es, myocardial infarct size, even when thrombolytic thera- 
: py. is administered. Enzymatically estimated infarct 
















size determined by the maximal value of lactate dehy- 


_ drogenase-1 correlated moderately with the magnitude 

-of the QRS vector difference after 24 hours (r = 0.69, p 
<0.001). This finding agrees with those of Sederholm et 
il,!! who found a positive correlation between QRS vec- 
or changes and enzymatic signs of myocardial damage. 
‘he high variability of the ST vector magnitude at an 
; Stage of myocardial infarction may explain why, 
e present study, the maximal ST vector magnitude 
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after 24 hours (r = —0.49, p <0.001). Palmeri et al! 
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“TABLE "u i aena of “ORS \ Vecto if 
Treatment, Enzymatic Changes, ST Vector Magnitude : 
Changes, and Clinical Outcome 
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Maximal CK (ukat /liter) 34.9428.3 30.3 +23.0 
Maximal LDH-1 (ukat/litery 2044141 164116 
Initial ST vector magnitude 0.2540.17 0.214015 
(mV) 
Maximal ST vector 0.3040.20 0.2740.19 
magnitude (mV) 
Total pain duration (min) 6554514 8964516 0.06 
ST decline time (min) 118463 209 + 142 
Treatment with rt-PA (%) 91 45 0.002 
Hospital mortality (%) 4.7 11 
1-year mortality (%) 4.7 16 
Revascularization within 33 17 0.14 


1 year (%) 







p >0.25 unless otherwise indicated. 7 
CK = creatine kinase; LDH-1 = lactate dehydrogenase. 1; rapid pattern = | 
vector differences reaching. plateau within 120 minutes from start of recordirig; 
| revascularization = coronary bypass surgery or percutaneous transluminal coronary. 
angioplasty; rt-PA = recombinant Hssue-type plasminogen activator; ST decline ti 
= time from start of recording to ST vector magnitude has stabilized at normal level. - 


The relation between the total duration of chest pai 
and evolutionary time course of QRS vector difference 
was weak. This is in contrast with previous finding: 
Intravenous § blockade is known to influence intensit 
and duration of chest pain? and, because 60% of th 
patients in the present study were treated with 8 block 
ade in a nonrandomized way, this may have influenc ei 
the time course of chest pain. | 

Left ventricular ejection fraction measured 30 a 
after inclusion in the trial showed a moderate correla-. 
tion with the magnitude of the QRS vector difference. 


reported a correlation of 0.88 between left ventricular 
ejection fraction 3 weeks after AMI and a QRS score 
based on standard 12-lead electrocardiography. In their. 
study, a relatively small variation in QRS score amon; 
patients with ejection fractions >55% was noted. In the 
present study, the mean ejection fraction at 30 days was. 
52%, and this may explain why the QRS vector differ- : 
ence correlated only moderately with ejection fraction 

With the vectorcardiographic technique described 
herein, we could demonstrate that the time from the. 
onset of chest pain to the completion of the evolution of 
QRS vector difference was shortened by >2 hours by 


this rapid evolution of the QRS vector difference is < 
to relief of ischemia, which influences the QRS con 
plex, '* to reperfusion damage or to any other mecha 
nism cannot be clarified in this study. Several othe 
studies’!5-!7 support the finding that treatment 
asker bade bei increases me rate (a dey 





















within the first hours of the onset of symp- 
However, it is also clear that the rate of infarct 
lopment, as determined by the evolution of QRS 
r difference, varies within a wide time scale, sup- 
‘ting the findings that. thrombolytic or other anti- 
iemic therapy also has significant effects in some pa- 
ents when initiated >6 hours after the onset of chest 
ain,!92 
The rate of decline of the ST vector magnitude sig- 
ificantly increased with rt-PA treatment, with the ST 
tor magnitude declining to a stable level 69 minutes 
lier among patients treated with rt-PA than among 
he placebo group (p <0.05). Previous studies using re- 
ited multilead or precerdial mapping electrocardiog- 
aphy indicated a more rapid decline of ST-segment 
hanges when thrombolytic treatment is received, and 
s has also been shown to indicate reperfusion.’-!>- 
1,22 Trend analysis of the continuously monitored 12- 
d electrocardiogram seems to improve sensitivity and 
cificity and makes it possible to detect reperfusion in 
ividual patients also.” The present technique allows 
ormation from the QRS complex to be added to in- 
rmation from ST-segment changes. This may expand 
ie time window for detection of electrocardiographic 
hanges, because the evolution of QRS vector difference 
vas completed 21 minutes (rt-PA) and 83 minutes (pla- 
cebo) after the ST vector magnitude had declined to a 
ormal level. The clinical value of QRS vector monitor- 
ng in this setting is not clear, although in a small pilot 
“study we found that QES vector monitoring may be 
-useful for noninvasive detection of early coronary artery 
“patency.” 
` We previously showed? that the majority of patients 
vith an AMI who receive thrombolytic treatment ex- 
ibited a variable ST vector magnitude during the first 
| hours of recording. Other investigators using repeated 
hort-interval electrocardiographic recording or precor- 
ial mapping also found ST-segment variation in the 
early hours of an AMI.* In the present study, 34% of 
he patients in both treatment groups showed a marked 
egree of variation of the ST vector magnitude during 
he first 4 hours. This may reflect variations in ves- 
sel tone or intermittent thrombus formation, although 
ombus would be expected to form more frequently in 
present placebo group. An alternative explanation is 
that the ST vector magnitude variation is due to inter- 
¿mittent occlusion by aggregates of thrombocytes. Most 
-patients in the study received aspirin, but not until 12 to 
24 hours had passed since treatment and vectorcardio- 
graphic recording had begun. 
_ Based on coronary arteriographic findings, contin- 
uous 2-lead electrocardiographic monitoring and re- 
ponse to treatment with coronary vasodilators, Hackett 
al’ argued that ST-segment variability at an early 
of an AMI may be due to intermittent spasm. In a 
tudy, patients with the highly variable ST vec- 











ets of and ong 


foun olytic therapy isr a “tients without this variabil n 
restoring corona flow ad limiting infarct size s when 





ing the first 4: hours after initiation of 


jOLOGY VOLUME 67- os me 

















































was confirmed, and a tendency toward 
prognosis was found. The effect of rt-PA onen 
and vectorcardiographic indexes of infarct size seemed 
to be limited to patients without the highly variable ST. - 
vector magnitude. This might support the concept that eo 
these patients have an increased vessel tone or recurrent. _ 
platelet aggregates rather than a thrombus obstructing ea 
the flow. 

Despite an initial similarity in the magnitude of ST 2 
vector changes, patients demonstrating a rapid evolu- 
tionary pattern of QRS vector difference tended to have 
a lower in-hospital and l-year mortality, shorter pain 
duration and a higher need for revascularization within 
the first year after myocardial infarction than did pa- 
tients with a slower pattern of development. The rapid 
pattern was significantly associated with a more rapid 
decline of ST vector magnitude to normal levels and 
with rt-PA. treatment, which 91% of patients with the — 
rapid pattern received (Table II). Treatment with rt-PA 
has been shown in other studies to result in a high de- 
gree of ccronary patency, and reperfusion has been 
shown to accelerate the rate of a es is i 
changes. 7,1,27,28 : es 

Dynamic QRS-complex and ST-segment monitoring D 
using continuous on-line vectorcardiography is a new _ 
method to monitor patients with AMIs. The magnitude _ 
of the QRS vector difference after 24 hours correlates 
with enzymatic infarct size, measured as the maximal ~ 
value of lactate dehydrogenase-1 (r = 0.69), and corre- _ 
lates moderately with left ventricular ejection fraction — 
measured at 30 days after randomization. The rate of 
evolution ef the QRS vector difference varies within a 
wide range. Treatment with intravenous rt-PA results in > 
a more rapidly evolving but finally lower magnitude of 
QRS vecter difference. Distinct evolutionary patterns of 
QRS vector difference and ST vector magnitude may | 
be observed and related to maximal lactate dehydroge- 
nase-1, in-hospital and l-year mortality, as well as to 
response td treatment with intravenous rt-PA. 
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pare the relative diagnostic value of exer- 
echocardiography with perfusion technetium- 
19 itrile single-photon emis- 
ion computed tomography (SPECT) in detecting 
artery disease (CAD), 75 patients with 
i CAD but a normal electrocardiogram 









































study. Both the exercise echocardiograms and 
CT studies were performed in conjunction with 
same symptom-limited bicycle exercise test. 
development of either a new wall motion ab- 

ality or a reversible perfusion defect after ex- 
rcise, or both, were regarded as a positive test for 
1e exercise echocardiographic and SPECT studies, 
espectively. The results of these 2 diagnostic tests 
vere compared with coronary arteriography. 
Exercise echocardiography identified 35 (71%) 
ind SPECT 41 (84%, p = 0.13) of the 49 patients 
ith significant CAD (defined as >50% diameter 
tenosis). Twenty-five of the 26 patients (96%) 
rithout significant coronary stenosis had negative 
xercise echocardiographic results and 23 of 26 
88%) had negative SPECT results. Exercise-in- 
duced new wall motion abnormalities showed a 
ood correlation with reversible perfusion defects, 
‘the results of the 2 methods were concordant 
n. 65 of 75 patients (agreement = 88%, x = 0.75 + 
.14). Both the diagnostic accuracy of exercise 
chocardiography and SPECT were significantly 
zher than the exercise ECG (81 vs 64%, p < 
and 88 vs 64%, p < 0.005). The sensitivity 
pecificity for detecting individual diseased 
sels were 60 and 95% for exercise echocardiog- 
raphy and 67 and 94% for SPECT. However, in the 
33 patients with 1-vessel disease, exercise echo- 
_cardiography showed a lower sensitivity when com- 
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pared with SPECT 61 vs 82%, p  <0.02). SPECT 
was tendentially more sensitive than exercise echos 
cardiography in detecting isolated left circumflex 
coronary artery stenoses. a 
(Am J Cardiol 1991;67:350-—355) — 


yocardial perfusion scintigraphy and, more re- 
Me: exercise echocardiography have | peen o 

widely applied in the noninvasive diagnosis of. 
coronary artery disease (CAD). Important technologic 
developments have occurred in both techniques that — 
have improved the quality of the images and thus en- — 
hanced their diagnostic value. Single-photon emission — 
computed tomography (SPECT), by eliminating the su- 
perimposition of different myocardial regions inherent 
in planar scintigraphy, has improved the nuclear tech- _ 
nique to diagnose and localize significant CAD.'-3} The 
improvement of the echocardiographic equipment and — 
the development of digital cine loop acquisition systems 
have overceme some of the practical and technical prob- — 
lems that had previously limited the application of exer- 
cise echocardiography.*-° Thus far, only limited data 
concerning the direct comparison of exercise echocardi- 
ography and planar 201-thallium scintigraphy. are avail- 
able.’® However, the relative value of exercise echocar- 
diography with a digital cine loop system versus SPECT 
imaging for the definition of CAD (for clinical decision < 
making) has not been determined. We performed exer- 
cise echocardiography and SPECT during the same ex- 
ercise test in a group of patients with clinically suspect- 
ed CAD and a normal electrocardiogram (ECG) at 
rest. Their relative values in identifying and localizing | 
significant coronary artery stenoses was the aim of this 
study. 






METHODS ab 

Study group: Between August 1989 and January. _ 
1990, 169 patients primarily referred for stress per- — 
fusion scintigraphy underwent simultaneous: exercise 
a and SPECT i imaging i ino 
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if een Jadi a documented; previous E ee myo- 
dial infarction. At the time of the study, 27 patients 
e receiving antianginal therapy, including 8 blockers 
ninistered either alone (8 patients) or in combination 
ith nitrates or calcium antagonists (9 patients). The 
emaining 9 patients were receiving calcium antagonists 
`< either alone (4 patients) or in combination with oral ni- 
trates (5 patients). One patient was taking digitalis. 
Exercise test procedure: All patients underwent a 
_ symptom-limited upright bicycle ergometry test with 
Stepwise increments of 20 W each minute. Three elec- 
<; trocardiographic leads (lead II, V, and V5) were contin- 
- yously monitored. The level of the ST segment was cal- 
_ culated averaging the signal by a computerized system 
-> (Cardiovit CSG/12, Schiller). An ischemic response 
was defined as a 21 mm horizontal or downsloping ST 
depression persisting 80 ms after the J point. 
=O SPECT imaging: Approximately 1 minute before the 
`- termination of the exercise, 370 mBq of technetium- 
= 99m metoxyisobutylisonitrile (MIBI) was injected into 
n-antecubital vein. The exercise MIBI SPECT images 
vere acquired | hour after exercise. Imaging was per- 
- “formed with a Siemens Gammasonics single-head Rota- 
~ Camera (Orbiter) equipped with 37 photomultiplier 
tubes, %-inch Nal crystal and a low energy all-purpose 
_. collimator. Thirty-two projections with 6° increments 
“(180° scanning) were obtained with acquisition time of 
_ 45 seconds per projection. The digitizing matrix (64 X 
64 word mode) was selected in the midportion of the 
camera image by using a zoom factor 4/2. The tomo- 
` graphic data were processed on a Gamma 11 computer 
¿+ system with a floating point processor. Transaxial tomo- 
~> grams were reconstructed with the commercially avail- 
able SPETS package (Nuclear Diagnostics AB, Hag- 
`> sten, Sweden). The direction of the left ventricular long 
axis was determined from 2 orthogonal views (anterior 
> and lateral). Oblique slices (short axis) and sagittal 
_ slices (vertical long axis), perpendicular and parallel to 
_ the long axis, respectively, were reconstructed. For each 
patient studied, 6 oblique (short axis) slices were de- 
ined from the apex to the base and 3 sagittal slices 
tom the septum to the lateral wall. 
“For resting studies, patients were injected at rest 
< “with 370 mBq MIBI 224 hours apart from the exercise 
studies 
ae Exercise echocardiography: Two-dimensional echo- 
- cardiograms were obtained at rest and immediately af- 




















ter: the exercise test with the. patients lying in the left 


- lateral decubitus position. Multiple imaging sections, in- 
-cluding conventional parasternal long and short axes, 
pical 2- and 4-chamber and apical long-axis planes 
ere used. All images were obtained with a commer- 
jally available echocardiographic system (Hewlett 
ackard Sonos 1000). The rest and exercise images 
e both recorded on videotape and digitized on-line 
a. Nova Microsonics PreVue III System (ATL 

i ystem allows the Tecording. at rest of 1 rep- 

















ponini rest images. Two different af 





different - Posterior (segments 5 and 10), and apex (se 








mats, showing the images before and after ‘exer 
were finally stored in a 54-inch double-sided high-de 
sity floppy disk and subsequently reviewed as a cont 
ous loop at various playback speeds. E 

Coronary angiography: All coronary angiogr 
were recorded using the Judkins technique. Signifi 
CAD was visually defined as 250% narrowing of 
luminal diameter of 21 coronary arteries or of 
their major branches. 

Interpretation of exercise echocardiography 
SPECT: The analysis of the echocardiographic im 
was performed by 1 experienced observer unawar 
scintigraphic and angiographic data. Left ventric 
wall motion was visually evaluated and graded as- 
mal = 1, hypokinetic = 2, akinetic = 3, and dyskinet 
= 4. A postexercise wall motion score index was calc 
lated by summing the scores assigned to each segme 
and dividing by the number of segments. By comparing 
in a side-by-side manner the rest and postexercise ir 
ages, an ischemic response was defined as the develo 
ment of a new wall motion abnormality in the stuc 
after exercise. | 

To compare rest and exercise SPECT images, t 
short- and the vertical long-axis slices were used. Ea 
of the 6 short-axis slices were divided into 8 equal se 
ments, yielding a total of 48 segments. The apical r 
gion was assessed from the 3 central sagittal cross. sec 
tions, yielding a total of 51 segments. All the SPEC 
studies were interpreted by 2 experienced observers, u 
aware of echocardiographic and angiographic resul 
using a 5-point visual scoring system (1 = normal, 2. 
doubtfully decreased uptake, 3 = mildly decreased up- 
take, 4 = severely decreased uptake, and 5 = “absence” 
of uptake). A semiquantitative score index was calculat- 
ed by summing the score of each segment and dividing `- 
by the number of all the segments. An ischemic re- 
sponse was diagnosed when the stress images showed a 
significant perfusion defect (score =3 in =2 contiguous 
segments), which partially or completely normalized in 
the rest images. 

In our laboratory inter- and intraobserver agreement 
for exercise echocardiography was 91% («x = 0.81, stan- 
dard error of the mean [SEM] = 0.14) and 92% (x 
0.84, SEM = 0.2) for exercise echocardiography and 
85% (x = 0.70, SEM = 0.23) and 90% (x = 0.8, SEM 
= 0.22) for SPECT. : 

Assignment of different left ventricular region to 
specific coronary arteries: To assign the vascular terri- 
tories of the different coronary arteries, the 51 left ven- 
tricular segments, imaged by SPECT, were combined in 
5 major regions (Figure 1). Similarly, the 14 echocar- 
diographic segments were grouped in the same corre- 
sponding ventricular regions, denoted as: anterior (seg- 
ments 2 and 7), posterolateral (segments 3 and 8), i 
rior (segments 4 and 9), interventricular septum, 
was subdivided into anterior (segments 1 and 6 




































































- i Disease of Digital Exercise Ect cardiogr 
| Electrocardiogram 


| Sensitivity | ; 
ECHO 71% (35/49) 96% (25/26) 81% (61/, 





"Specificity 














SPECT [784% (41/49) 88% (23/26) - n g i reep 
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55% (27/49). 81% (21/26) 
=p <005, = p<002 =p <0.005. A ee 
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agnosis and it was also assessed by alkulata the: K s 
value and its SEM. Wall motion and perfusion score 
Pi were compared using standard correlations iaa 4. 
ne. The 6 short-axis and the 3 vertical | | 
slices were used for a of the studies. The left RESULTS 
cle was divided into 5 major regions: interventricular No adverse clinical consequences resulted from the _ 
ich par con (ant.) wall, lateral (lat.) wall, inferior = = yercise testing. Thirty-four patients (45%) attained at 
i ja least the 85% of their age-predicted maximal heart rate. 
Angina pectoris occurred in 16 (21%) and ischemic ST- 
ont the: vascular bed of the right coronary artery segment depression in 32 patients (43%). The intervals 
è posterolateral wall of the left circumflex artery. between the end of the exercise and the recording of the 
tribution of the posterior septum and of the apex first and the last echocardiographic images were 22+ 
ore flexible, depending on the coexistent abnor- 13 seconds (range 6 to 50) and 80 + 33 seconds (range 
es in the adjacent regions. In case of an isolated 35 to 150), respectively. The rest echocardiograms si 
il defect, the defect was attributed to the vascular showed normal left ventricular wall motion in 71 pa- 
ory of the left anterior descending artery. tients; 4 patients had mild localized wall motion abnor- ~ 
Statistical analysis: McNemar’s test was used to as- malities (hypokinesia of 1 or 2 segments), whereas defi- 
the significance of the differences between sensitiv- nite perfusion defects in the rest scan were found in 5 
pecificities and accuracies. P values <0.05 were patients. In all these patients a worsening of wall motion 
dered significant. ‘The agreement between tech- and perfusion was seen after exercise. Resting wall mo- _ 
xa was defined : as. s the percentage of concordant di- tion and perfusion abnormalities were concordant with .- 















FIGURE 2. The 14 left ventricular seg- one 


gometric, Scintigraphic and Angiographic Data in Patients with False-Negative Exercise Echocardiogr: phy co 2 
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Ee * The numbers represent the time interval (seconds) between the peak exercise and the qoqurement ‘of the first angof thel fast achosarthographic view, respectively. 


As anterior AP. = angina pectoris, BB = g blockers; Diag = = djagonal branch: exer. = exercise; Í = inferior; LAD = 


left anterior descending artery, LC = left circumflex ee MHIR on 


imal heart rate; MW = maximal work load: DM = “obtuse marginal branch; PL = posterolateral; Right = right coronary. artery; >= septal SPECT = single-photon emission ; 


puted fornography; ST = ST segment. 


4 /0 = presence /absence of angina, ST-segment depression, blocker therapy. transient perfusion defect, coronary diameter stenosis >50%. 


- the site of infarction in 3 and 4 ‘patients, , respectively 
Forty-nine patients (65%) had >50% diameter stenosis 


>1 of the coronary arteries; of these, 16 had a multi- 


_ -ple vessel disease. Twenty-six had either normal or not 
y „Significantly diseased vessels. 
| ‘coronary artery disease: The call sensitivity, spec- 


; f ificity and accuracy of exercise echocardiography, 
-= SPECT and electrocardiography in detecting CAD are 
= listed in Table I. Exercise echocardiography and 


_ SPECT showed sensitivities of 71 and 84% (p = 0.13), 


which were significantly. higher than that obtained by. 
G ergometry (55%, p <0.05 and p <0.005, respec- 
ively). Among the 26 patients . without significant 


~~ CAD, 25 had normal exercise echocardiography and 23 


= normal SPECT. The overall accuracies of 81% for echo- _ 


cardiography and of 88% for SPECT were significantly 
eater than by exercise ECG. 
The effect of the number of abaormal vessels present 
the ability to obtain an ischemic. response by the dif- 
ferent techniques i is shown i in i Figure 3 3: In patients with 


l-vessel disease, SPECT showed a greater sensiti 
than exercise. echocardiograp 


with multiple vessel disease, 15 and 14 of 16 were iden 
tified, respectively, as ischemic by exercise echocardiog 


raphy and SPECT. Table II summarizes the ergot 


| ric, scintigraphic and angiographic data in the 1 
-tients with false-negative echocardiographic ri 


Nine of these had negative ECGs and 7 also had f 


-negative SPECT. A l-vessel disease was found 
patent and only a patient had multivessel a 


aa aa and a ae T. S of 7 5 cus 


were a Tr classified Aaron = Pics K a 


ischemic 


Normal 













flr dividual Coronary artery Stenoses with Exercise Echocardiography and SPE sa a ai 
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Specificity | ; 
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94 (145/155) 


Sensitivity 
64 #47 /70) 


Sensitivity 
60 (42/70) 


Accuracy 


84 (188/225) 


Specificity 
95 (146/155) 


























e pions of individual narrowed arteries by each 
hnique is presented in Table III. Exercise echocardi- 
phy correctly identified 42 of the 70 stenosed arter- 
60%) and 146 of the 155 normal vessels (95%). 
T correctly identified 47 of the 70 stenosed arter- 
7%) and 145 of the 155 normal vessels (94%). 

ure 5 shows the comparison of the sensitivities for 
dual lesions in patients with 1-vessel disease. In 
set, only 5 of 13 left circumflex lesions were de- 
yy exercise echocardiography, whereas SPECT 
tly identified 10 of them (p = 0.07). In contrast, 
echniques showed a similar ability to predict left 
or descending and right coronary artery stenoses. 


is is the first study in which exercise echocardiog- 
iy and technetium-99m SPECT imaging have been 
nultaneously tested to detect the presence of CAD in 

rge group of patients with a normal ECG at rest. 
vain findings of this study are (1) that stress echo- 
graphy and SPECT have a good agreement and 
-a similar diagnostic accuracy, which is superior to 
hat of exercise electrocardiography (Table I), and (2) 
2 hat SPECT is only slightly superior to exercise echo- 


g ECHO 
SPECT 


69 (20/29) 98 (45/46) 87 (65/75) 66 (19/29) 96 (44/46) 84 (63/75) » 
45 (11/24) 96 (49/51) 80 (60/75) 67 (16/24) 96 (49/51) 87 (65/75) fa 
e0 aa 84 (63/75) 70(12/17) 89 (52/58)  85(64/75) |- 





| peak exercise. '? 





















































cardiography in detecting 1-vessel disease in patients 
with a stenosis of the left circumflex coronary artery 
(Figure 5). - 
In a study by Maurer and Nanda,’ exercise echocar- 
diography and planar thallium-201 scintigraphy were 
performed in a group of patients referred for coronary — 
arteriography. The tests provided a sensitivity of 83 and — 
78%, respectively. They found a sensitivity for exercise 
echocardiography that was better than in our study (83 
vs 71%), whereas our SPECT results had a similar sen- | 
their study (84 vs 78%). However, the results. of these 2 
studies are difficult to compare directly because of dif- _ 
ferent patient selection: our patients were primarily re- 
ferred for stress scintigraphy, whereas patients in the - 
other study were primarily referred for coronary arteri- 
ography, and more severe CAD may have been. present. = 
This can account for the slightly better results. of exer- 
cise echocardiography relative to perfusion imaging in — 
the study by Maurer and Nanda. Similar results have 
been reported by other investigators. 459 Recently, Ryan — 
et al,° in patients with chest pain and normal left ven- — 
tricular wall motion at rest, found a sensitivity of 78% — 
and a specificity of 100% compared with lesions of- 
>50% on coronary arteriography. In addition, these in- _ 
vestigators found the lowest sensitivity in patients with — 
1-vessel disease of the left circumflex coronary artery, 
which is consistent with our findings. Furthermore, the 
use of antiischemic drugs may reduce the sensitivity 
of both perfusion scintigraphy and stress echocardi- 
ography.'0!! ne 
We found that SPECT has higher sensitivity than ie 
echocardiography in detecting patients with 1-vessel dis- 
ease. Transient perfusion defects may occur early and © 
do not always lead to a wall motion abnormality. The 
latter results when more pronounced ischemia is pres- 
ent. Thus, exercise echocardiography may be. negative 
when a perfusion defect is detected, which may explain 
its lower sensitivity. In some patients, wall motion ab- - 
normalities recover very rapidly after the cessation of © 
exercise, which may further explain a lower sensitivity G 
of stress echocardiography, because its acquisition is 
done in the immediate. postexercise phase and not at- 





. In contrast to] patients with | 1-vessel disease, echocar- : 





ye ss Fintel DJ, Links JM, Brinker JA, Frank TL, Parker ! M, Beker. 


4 rocardiographic exercise sony the a 


ntification of ischemia, and the assessment of 
A nctional significance of the coronary stenosis be- 
> intervention. Thus, the results cannot be directly 
pared with patients selected on the basis of other 
criteria. Second, both exercise echocardiography and 
SPECT studies were visually. analyzed. Although the 
quantitative analysis of exercise _ echocardiograms is 
mpered by technical difficulties, its’ application to 

CT has enhanced its diagnostic p power.” 

1 conclusion, 


rmal ECG at rest, provide similar overall information 
the noninvasive diagnosis of CAD. A strong correla- 


| between the 2 techniques for identifying localizing | 
quantifying ischemia was found. SPECT imaging, | 


vever, appears to be superior to exercise echocardiog- 


iy in patients with 1-vessel Ma E of | : 
. & Limaker, MC, Quinones MA, Polirier LR, ‘Nelson JC, Winters WL, Wago 
_ AD. Detection of coronary: artery disease. with exercise two-dimensional ech 


eft circumflex coronary artery.. 
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Ar paired left ventricular (LV) diastolic filling at rest 
| fre observed in patients with coronary ar- 
y disease (CAD) who have normal LV systolic 
ction and no previous infarction. To test the hy- 
S s that abnormal diastolic function at rest 
reflect tional severity of CAD, as es- 
e by exercise-induced ischemia, the relation 

1 on land ui tenal LV diastolic function 











i 1 aa 26) patients nanliested a nor- 
on fraction response to exercise and 
23) patients an abnormal response. 
a | obtained from 22 age-comparable normal vol- 
eers were used for comparison. Although re- 
na and global diastolic function were not differ- 
between normal subjects and group 1 patients, 

eak filling rate was lower in group 2 patients than 

normal subjects (2.5 + 0.8 vs 3.2 + 0.6 end-dia- 
stolic counts/s; p <0.01). Moreover, regional dia- 
‘stolic asynchrony, as assessed from the radionu- 
ide data by using a regional sector analysis of the 
LV region of interest, was greater in group 2 pa- 
tients (46 + 44 ms) than in both normal subjects 
(25 + 16 ms; p <0.05) and group 1 patients (23 + 
6 ms; p <0.05). Thus, among patients with CAD 
i with normal LV systolic function at rest, im- 
d LV filling and re: asynchrony predict, a 
ater degree of exercise-induced ischemia, sug 

za greater extent of jeopardized myocar- 








(Am J Cardiol 1991;67:356-360) 
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evident at rest in many patients with coronary ar- 

tery disease (CAD) who have normal global and re- 
gional systolic function at rest. Such patients also mani- 
fest regional diastolic asynchrony,' and the degree of 
asynchromy correlates with global impairment of LV 
diastolic filling.>> The relation between the abnormali- .. 
ties of regional and global diastolic function at rest and - 
during exercise-induced ischemia has not been estab- 
lished. In the current study, we hypothesized that dia- 
stolic asynchrony and impaired global diastolic filling i in 
patients with CAD might reflect the functional severity. 
of CAD and thus might be related to the magnitude of — 


reversible ischemia, as assessed by the ejection fraction ` 
response to exercise. Accordingly, we evaluated LV dia- 
stolic filling characteristics and diastolic asynchrony at 
rest in relation to the occurrence of exercise-induced 
ischemia in patients with CAD without previous myo- 
cardial infarction. 


[owe left ventricular (LV) diastolic function is 








METHODS 

Patient groups: We studied 49 patients (40 men, 9 
women, mean age + standard deviation 52 + 9 years, | 
range 35 to 71) with CAD by radionuclide angiogra- 
phy. All patients underwent coronary arteriography. 
Measurement of LV end-diastolic pressure was ob- 
tained in 19 patients. Patients were enrolled in the study | 
if they: (1) had significant CAD, defined as 250% re- 
duction in luminal diameter of at least 1 major coronary 
artery by coronary angiography; (2) had normal LV ra- 
dionuclide ejection fraction at rest (245%)*; (3) had 
normal LV regional wall motion at rest by both radio- 
nuclide angiography and contrast ventriculography; (4) 
had neither a history nor electrocardiographic evidence — 
of previous myocardial infarction; and (5) had no evi- 
dence of conduction abnormalities on the electrocardio- z 
granis: pike studies on ee» in all pat 


with nes regional. 




























with o or Saou new regional wall motion abnor- 
ties, Patients in group 2 were slightly, but signifi- 
ntly, older than those in group 1 (Table J). 
The radionuclide data obtained in patients with 
A\D were compared with those from 22 asymptomatic, 
ige-comparable normal volunteers without any evidence 
‘of cardiovascular disease on the basis of history, physi- 
2 examination, electrocardiogram and echocardio- 
gram. The normal group comprised 13 men and 9 wom- 
ranging in age from 40 to 74 years. 
_ All normal control subjects and 31 patients with 
\D underwent 2-dimensional echocardiography to 
_ measure LV end-diastolic dimension and wall thickness, 
: including 13 group 1 and 18 group 2 patients. In 
the remaining 18 patients with CAD, echocardiograms 
vere not of interpretable quality. No patient had echo- 
cardiographic evidence of LV hypertrophy (wall thick- 
ess = 13 mm). 
Gated blood pool scintigraphy: Radionuclide angi- 
raphy was performed at rest and during exercise. Red 
‘blood cells were labeled in vivo with 15 to 25 mCi of 
- technetium-99 and imaging was performed with a con- 
< ventional Anger camera equipped with a highly sensi- 
e, parallel hole collimator oriented in a modified left 
nterior oblique position. A total of 7.5 to 10.5 million 
ounts were collected for each rest study. All subjects 
_ then underwent maximal supine bicycle exercise, begin- 
< ning at a work load of 25 W, with a 25-W increase 
- every 2 minutes. Heart rate and rhythm were recorded 
continuously and blood pressure was measured at each 
Stage during exercise. Exercise radionuclide angiograph- 
ic data corresponded to the final 2 to 2.5 minutes of 
<- exercise, 
-> High-temporal resolution (20 ms/frame) cardiac 
-image sequences were constructed by computer-based 
a electrocardiographic gating, using list mode data acqui- 
sition, with exclusion of extrasystolic and postextrasys- 
ș tolic beats and combined forward and reverse gating 
from the R wave.’ LV time-activity curves, representing 
ive changes in LV volume during the average cardi- 
-ac cycle, were generated from the cardiac image se- 
. quence after background correction with a fixed region 
of interest, which was drawn manually to conform to 
- the borders of the left ventricle. _ 
-Analysis of global left ventricular function: Indexes 
f global LV function were ‘derived by computer analy- 
A EEE FEE time-activity curve. 


































cteristics of the Study Groups 


TABLE | Char T 
si = 






Normal 
Subjects Group 1 


Age (yr) 5149 4948 58t 
Sex{m/f) 13/9 22/4 a ri 
Heart rate (beats/min) ae 
Rest 67+13 66 + 10 69 + 
Exercise 135415 124422 107 + 





















































Systolic blood pressure (mm Hg) a 
Rest 124+ 16 126415 (137+ 
Exercise 171 + 26* 190 + 25 1854 
Ejection fraction (%) z 
Rest 5526 . 5746 (6948. 
Exercise 6549 — 6747 526 
Work load (W) 140 +50 120440 60435) 
End-diastolic dimension (cm) ee 
Rest 4541.2 4840.5 50406- 








(n= 13) (n= 18) 
Peak filling rate (EDC /s) PIAT 
Rest 32406 28407 25208 
Time to peak filling rate (ms) ee 
Rest 156419 168425 163443. 





*p<0.05 compared with, group T 
4 tp <0.01 compared with normal subjects. 

tp < 0.002 compared with normal and group 1 subjects. 
èp <0.05 compared with normal and group | subjects. 
CAD = coronary artery disease; EDC = end-diastolic counts. 





























LV center of gravity, as previously described. The in 
ner one-third of each sector was excluded, yielding ani 
lar sectors comprising the outer two-thirds of the le 
ventricle. From these fixed regions, sectorial time-activ 
ty curves were constructed. | 

Several methods were then used to evaluate relat ve 
regional asynchrony. 4 First, the phase angle of each s 
tor was computed i in degrees, using the first harmon 
Fourier expansion of the sector time-activity curve.’ 
The standard deviation of the 20 sector phase values 
was used as an index of overall LV asynchrony.‘ Systol- 
ic asynchrony was assessed by measuring the standard 
deviation of the time to minimum volume for each of 
the 20 sectors. To improve precision and reduce errors. 
for regional diastolic data, we created LV quadrants by 
combining the 20 sectors into 4 quadrants of 5 sectors 
each.* Regional time activity curves were then generat- 
ed from each quadrant and were fit to a Fourier expan 
sion with 3 harmonics. From each fitted curve, the t 
to peak filling rate was computed relative to each quad- 
rant’s time to minimum volume. As an index of LV dia- 
stolic asynchrony, we calculated the standard deviation 
of quadrant time to peak filling rate. Reproducibility 
this method has been previously described.*. | 

Because measurements of diastolic events are gr 
influenced by heart rate and changes in ejection 
tion,!° analysis of diastolic measurements obtained dui 
ing exercise is difficult. Thus, e present study, only 
the resting indexes of global LV filling. and Fa dia 
stolic lea UNS were considers. as 












































z ay yg 13° 
cant). 
The LV Scion fraction ice d X 
in both nermal subjects and in group 1 patients, w 
as it decreased in group 2 patients. The decrease i in ejec 
tion fraction was associated with regional wall. moti 














Normal CAD CAD 
Subjects Group 1 Group 2 



































































eae ee! eee abnormalities in 15 of 23 and with the occurrence of ~ 

: p <0.001 ~- 
erase 63421 61432 934408 angina in 12 of 23 group 2 patients. The heart rate- 
ndard deviation of time to pressure product achieved during exercise was signifi- - 
inimal volume (ms) cantly smaller in group 2 (20,100 + 4,500) than in 
Rest 248 24412 28 + ae group 1 patients (23,500 + 5,700; p <0.05) and normal 
a, on ee fae ae subjects (23,100 + 4,000; p <0.05). This difference was- 
k filling rate (ms) due to a lower heart rate achieved with exercise in - 
E 25416 46 + 44*t group 2 patients as a consequence of a smaller work — 





load (Table I). | | 
Peak filling rate at rest was significantly lower in _ 
group 2 patients than in normal subjects (2.5 + 0.8 vs 
3.2 + 0.6 EDC/s; p <0.01). Time to peak filling rate 
did not differ among groups. | 
Chi-square analysis was performed to compare Regional left ventricular function: We then assessed 
mic findings in the 2 groups of patients with CAD. Tegional LV asynchrony (Table Ii). In the group of nor- 
elations reported were analyzed by linear regres- mal subjects, the standard deviation of sector phase at- 
alysis. A p value <0.05 was considered through- Test was 5.4 + 1.3 degrees, which was similar to that 


the study as the minimal level of statistical signifi- Observed in group | patients (6.1 + 1.7 degrees; differ- 
ae ence not significant), but significantly smaller than that- 


ae p <0 05 compared with normal jpeg bees 
2 p <0.005 compared with normal subjects. 

P20.05 compared with group 1 patients. 
0.005 compared with group | patients. 
* coronary artery disease. 









o observed in group 2 patients (6.6 + 2.1 degrees; po 
‘SULTS <0.05) (Figure 1). In all CAD patients, a negative cor- : 
“Coronary anatomy: No significant differences be- relation was found between the resting value of the 
ween the 2 CAD groups were observed either in the standard deviation of sector phase and global peak fill- 


umber of diseased vessels per patient or in the severity ing rate (r = —0.44; p = 0.002), indicating a significant - 
of coronary artery stenosis. association between the degree of asynchrony and dia- 


Global left ventricular function: At rest, there were StOlic filling of the ventricle. No significant differences 
were found in the resting values of the standard devi- - 





ho differences in heart rate, end-diastolic dimension and W€ - ard devi- 
‘ejection fraction among the 3 groups. Systolic blood 2108 of sector time to minimum volume among the 3 
pressure was slightly but significantly higher in group 2, STOPS (Figure 2). However, the standard deviation of 
‘than in the other 2 groups of subjects (Table I). End- quadrant time to peak filling rate at rest was signifi- 
diastolic pressure was not significantly different be- cantly higher in group 2 patients (46 + 44 ms) than in 


| p) f tients (9 + Sin group normal subjects (25 + 16 ms; p <0.05) and group 1 
Na a camer E patients (23 + 16 ms; p <0.05) (Figure 3). Thus, at- 


rest, group 2 patients differed from the normal subjects 

on the basis of diastolic rather than systolic asynchrony. 
Effect of systolic blood pressure in group 2: Elevat- 

ed Pod TaN may aSa affect LV a 
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Time io Minimum Volume (ms) 
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ean group 2 systolic blood pressure (132 + 9 mm Hg) 
o longer significantly different from that of the 
her 2 groups. Repeat analysis of the resting data 
elded the same results regarding impaired regional 
and global LV diastolic function in group 2 patients. 
“Compared with the normal subjects, group 2 patients 
“had a reduced global peak filling rate (3.2 + 0.6 vs 2.5 
+ 0.8 EDC/s, respectively; p <0.01) and greater dia- 
‘stolic asynchrony (25 + 16 vs 50 + 46 ms, respectively; 
-p <0.05). 
>- Regional asynchrony during exercise: With exer- 
e, the standard deviation of phase increased signifi- 
cantly i in group 2 patients (from 6.6 + 2.1 to 9.3 + 4 
legrees; p <0.001). This value was also significantly 
‘greater than in the other 2 groups (Figure 1). In group 
2 patients, the increase in the standard deviation of sec- 
©- tor phase with exercise correlated significantly (r = 
0.54; p <0.01) with the magnitude of the abnormal 
ejection fraction response. In addition, systolic dys- 
hrony in group 2 patients during exercise was sig- 
nificantly increased compared with that in both group 1 
< and normal subjects, as manifested by a greater varia- 
tion in regional time to minimum volume (Figure 2). 


a DISCUSSION 
In the present study, we assessed LV filling charac- 
oo teristics in 2 groups of patients with CAD, both with 
ee „normal systolic function at rest and a similar degree and 
-~ severity of CAD, who differed with respect to the ejec- 
_. tion fraction response to exercise. Neither group had ev- 
_ idence of systolic asynchrony at rest, reflecting our se- 
- tection criterion of normal regional wall motion by visu- 
- _ al analysis. However, only the patient subgroup with an 
_ abnormal exercise response showed reduced global peak 
- filling rate and increased diastolic asynchrony at rest. 
_ Left ventricular asynchrony at rest: LV asynchrony 
-has been experimentally!3-!” and clinically!® reported to 
impair LV function. In particular, asynchronous region- 
al function at rest in patients with CAD has been previ- 
ously reported and related to the impairment of global 
iastolic function,*4 a finding confirmed in the present 
` Study. Despite some overlap among the 3 groups, the 
degree of diastolic asynchrony at rest was significantly 
higher in the group of patients with exercise-induced 
LV dysfunction: this suggests that diastolic asynchrony 
‘est and the associated i impairment of global ventric- 
r filling, in the absence of previous infarction or clini- 
y overt ischemia at rest, reflect a greater functional 
erity of coronary disease. It seems unlikely that dif- 
it loading conditions among the 3 groups would ex- 
the differences in regional and global diastolic 
ion, because end-diastolic dimension was similar 
ong the 3 groups and the end-diastolic pressure was 
ignificantly different between the 2 groups of CAD 
Moreover, the same differences in diastolic 
between the 2g oups. of Patients. with CAD 



















































lo od P >160 2 mm Heg, at which t time Ja 


: al LV asynchro- | š 
e vl otc completely u understood. Recent evide lar quat 


ion aaa biopsy specim sts that 
chronous LV function might egi 
phologic changes arising “from: recurrent epi x e 
myocardial ischemia.!? However, the reversal of a 
chronous function in many patients with revascal 
tion*”° would argue in favor of a reversible rather 
a fixed structural process. 
The loss of the “erectile effect” related to diastolic 
coronary blood flow has been proposed? to explain 
stolic asynchrony at rest, because rapid filling 
coronary bed in early diastole may be an importan 
chanical determinant of LV relaxation. However, wi 
believe that subclinical ischemia is the most likely 
planation for our observations, as supported by sever 
experimental and clinical studies.2!-25 The experimental 
findings of prolongation of developed tension during re- 
covery from hypoxia? and incomplete relaxation 
tween beats during hypoxia and tachycardia,” o 
even at rest in patients with CAD and panei 
ischemia,?* could translate clinically into nonu: 
of LV contraction and relaxation. An additional 
eration is that myocardial ischemia may incre 
physiologic degree of nonuniform adrenergic 
within the left ventricle. om 
also demonstrate a relation bret exercise between the 
development of regional systolic. asynchrony and global 
changes in systolic function. Only patients with exe 
cise-induced systolic dysfunction showed a significant 



































































Regional Variation in Time to Peak Filling Rate (ms) 




























schrony, the magnitude of which determines the 
lobal systolic: function. 
imitations: In the present study, neither coro- 
od d flow nor lactate metabolism was measured. 
some degree of ischemia during exercise could 
€ en present in the group of patients with normal 
zise responses. Moreover, the extent of CAD was 
jalitatively assessed in our study. Thus, we cannot 
the possibility that a more quantitative analysis 
onary angiograms would have shown a differ- 
ee of coronary disease between the 2 groups of 
. Finally, the slight but significant age differ- 
tween the 2 groups of coronary patients could 
account for some of the differences observed in re- 
il and global diastolic function. However, the pa- 
with an abnormal ejection fraction response did 
iffer in age from the normal subjects, indicating 
1¢ difference in age cannot be solely responsible 
ne regional and global abnormalities of LV function 


4. 


is group of patients. 
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€ rt success rate was s 90%. inho spit i 
‘mortality was 0.7%, 2.8% of patient: 












‘ia s underwent emergency bypass surgery. After 


a follow-up period of 5 years, 74% of patients 








yocardial infarction, no repeat bypass surgery or 

_  Tepeat angioplasty). In patients in whom the initial 

a -angioplasty attempt was unsuccessful, only 3% 

-were event-free at 5 years, versus 27% of success- 

-fully dilated patients. The time interval between the 

- angioplasty attempt and previous surgery was a | 

. significant predictor for 5-year event-free survival. 

-The event-free survival rates for patients who had _ 

: “bypass surgery 1 year before, between 1 and 5 

` years, and 5 years before angioplasty, were 45, 25 

` and 19%, respectively. Less than one-third of pa- 

tients with previous bypass surgery who had angio- 
asty of the graft remained event-free after 5 

‘Ss In patients —— porr within 1 
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he Dutch Experience i in Pe cutane« 
Transluminal Angioplasty of Narrowed 
Saphenous Veins Used for Ao : ocoronary 


in the native coronary. artery or by the developn 


to prevent a reoperation. It has. been demonstrated 
edural myocardial infarction, | and sn of pa- | 


were alive, and 26% were alive and event-free (no . 


lands between April 1980 (when the first coronary angi 


: aay and balloon dilatation — (or * ‘graft. ee 






ecurrence of angina pectoris after aortoco 





< bypass surgery in patients with coronar 
. Nadisease is either caused by progression. 












new narrowings in 21 bypass graft. Because of. th 
creased morbidity and mortality of coronary reo 
tions, it is not surprising. that percutaneous translui 
balloon angioplasty has been attempted in such patie 













that angioplasty can be successfully performed i in 
tients with a hemodynamically significant stenosis i 
venous coronary bypass graft. Little is known about 1 
long-term outcome after angioplasty. 8:10 In this stu 
we evaluated the long-term. clinical effects of balle 
angioplasty in venous bypass grafts in all 454 patient 
who had undergone such a procedure in The Nethe 
















oplasty procedure was performed) and January 1989 
During this time period, a total of 19,994 coronary an: 
gioplasty procedures were performed in the country, of. 
which the 454 Poe represent 2, 1%. 


METHODS 












damcr in 2i E vein n bypass a Two fess ) 
dred and sixty-four of 454 patients (58.1%) underwen: 
an angioplasty either of the bypass graft and 21 native 
vessel (38 patients, 14.4%) or of the bypass graft alon 
(226 patients, 85.6%). There were 368 men (81%) and 
86 women (19%) aged 34 to 78 years (mean + standard 
deviation 60 + 8.4). The number of diseased vessels was 
known for 200 of the 454 patients (44.1%). One-vesse 
disease was reported in 15 of 200 patients (7.5%), 2- 
vessel disease in 36 patients (18%) and 3-vessel disease 
in 149 patients (74. 5%). In 46% of patients 21 stenoses 
in 21 single graft were dilated, and in 54% of patients 
21 stenoses in a sequential or jump graft were dilate 
In the patients who underwent single graft angioplas 
dilatation was attempted in 69% in grafts to the 
anterior descending artery, in 21% in grafts to the: 
coronary artery and in 10% in grafts to the circ 
artery. The interval between coronary artery by X% 
































an emergency ` when. the pationt ¥ was Y 
erred from the cardiac catheterization laboratory 
operating room. 

ollow-up. data were first obtained by means of a 
the Civil Registration Service to establish sur- 
atus. If the patients were alive, they were inter- 
y telephone, written questionnaires or outpa- 
inic visits. The following events were considered 
cal end points: death, acute myocardial infarc- 
operation and redilatation. 

data are presented as mean + 1 standard devi- 
. Life tables were actuarially calculated according 
e Kaplan-Meier method. The generalized Wilcoxon 
$ Sake to bia differences between the 
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RESULTS 






















ality was "0. TA In 2 8% of tones i 
of a procedural acute myocardial in 
patients emergency coronary. artery by aS! 
perform i Le 
Actuarial survival for thé: entire. group ` was 14% 7 
(+3.4%) at 5 years (Figure 2) and 63% (48%) at 8- 
years. However, in patients with initial unsuccessful 
graft angioplasty, 58% were alive at 5 years versus 78%- 
of patients in whom graft angioplasty was successful Ka 
<0.001) (Figure 3). E 
After a follow-up period of 5 years, 58% of patients a 
were alive and did not sustain a myocardial infarction. 
Thirty-four percent were alive, had no evidence of- 
a myocardial infarction, and did not undergo repeat — 
bypass surgery. After these 5 years: 26% of patients a 








FIGURE 1. The time interval between aoe % 
(“graftage”) rangod from 6 months to 7O 
years (mean age 5.7 + 3.8 years). 
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clinical end points, 34% of patients were alive and 
1 t-free after 5 years (Figure 2). 

In patients in whom the initial graft angioplasty at- 
pt was unsuccessful, only 3% were event-free at 5 


, versus 27% event-free patients in whom initial | 

I (p <0.0001) (Figure 3 
raft age (intervals between by- 
‘surgery and angioplasty <1 year, between 1 and 5- 
rs, and 25 years), there were statistically: significant ; 


angioplasty was. -successf 3 
When grouped by gr 


erences in 5-year event-free survival rates, namely 


% for patients who underwent angioplasty within 1 _ 
r after bypass surgery, in contrast to 25 and 19% for 


ents with grafts that had been implanted between 1 


5 years, and >5 years before Angioplasty, respec- 


ely (p <0.005) (Figure 5). 
DISCUSSION 


etween April 1980 and. January 1989, 19, 9,994 angi- 


s ty procedures were performed | in The c Netherlands. 
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sful (78%) (p 20.001). 


c t "<0.0001). 
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live and event-free. When only death, be E- this is large o colle leend a jl 


ardial infarction and reoperation were considered 


our + reported incide 
2: 1% i is a cumulative: member and does not refle 
current percentage. of patients undergoing graft: 

hich ; 


plasty in The Netherlan 


1988 the percentage of a with previous He 


surgery undergoin 
native vessel, or boti 


Furthermore, betwe n 1980 ad 1989 there ha 
a progressive recruitment of centers: The nui 
catheterization. laboratories: performing angiop 
the country, increased from 5 to 12. In addition, the 


1 S 


pansion of the indication of graft angioplasty has be 
‘slowly evolvin phenomenon, which is also shown by 


high incidence of bypass operations in The Netherla 
Recurrence of angina after coronary artery | 


grafting remains a major clinical problem. Failur 


aortocoronary saphenous: vein bypass grafts is gene 1 


_ the result of either \ vein graft stenosis or progressive a’ 

















Pooled Data from 14 Series 












































No. of 
Successes 
(CA) 


No. of 
SVG PTCAs 






ae Authors 


—“Fordeta® a 


Douglas et al! 62 94 
Block et al? 40 78 
Dorrosetal® =. 33 79 
EI Gamal et al? 44 93 
Corbelli et al? 47 91 
Marquis et alt 24 79 
Slysh et al® 6 100 
Reeder et al® 19 84 
Cote et al’ 88 86 
Ernstet al!© 33 97 
Popetale 49 74 
Dorros et all? 53 83 
Pinkerton et al? 100 93 


Gverall 607 


CA= percutaneous transluminal coronary angioplasty; SVG = sapherious vein 


lerotic narrowing of distal native coronary arteries. 
ptoms of myocardial ischemia will recur or progress 
bout 5% of patients per year.''!? Early graft nar- 
ng occurs in up to 10% of grafts within 1 to 2 weeks 
‘the operation and 15 to 20% by 1 year. 13-15 After 
irs, up to 25% of grafts are occluded, whereas 52% 
may show stenoses of >70%.'° Stenosis within the first 
month is almost always due to thrombosis and is gener- 
ally related to technical factors such as anastomotic 
narrowing, operative trauma to the vein graft and inad- 
equate distal runoff.'? It has been demonstrated that 
‘between 1 month and 1 year postoperatively, intimal fi- 


obstruction. Postoperatively, beyond 1 year and particu- 
after 3 years, atherosclerosis becomes an impor- 
cause of vein graft stenosis and may coexist with 
ibromuscular proliferation. 

= Plaques in vein grafts resemble those in native coro- 
: wee arteries and are generally soft and friable rather 








bability of Event-free Survival T 





romuscular proliferation i is the most prevalent form of 
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arteries to which ie are anastor i i 
vein graft atherosclerosis often occurs: in a j 
dilated segments, the plaques are generally uite latee 
relative to those in native coronary arteries. Accordi = 
ly, atherosclerotic plaques in vein grafts seem particu- 
larly vulnerable to disruption and to embolization of re : 
atively large fragments. = 
Although coronary artery bypass surgery pusing in- 
ternal mammary artery grafts gives much better long- 
term graft patency rates,’~9'6 vein grafts will continue 
to be utilized in a majority of surgical candidates with 
multivessel coronary artery disease, because not all ves- 
sels can be bypassed using internal mammary conduits. 
Reoperation is technically more complicated to per- 
form and is generally associated with a higher mor- 
bidity and mortality than a primary operation, and 
achieves symptomatic relief in. only 60 to 70% of pa- 
tients, compared with the 80 to 90% success rate after — 
primary operations. The perioperative myocardial in- 
farction rate varies among surgical groups from 2.0 to > 
11.5%. The mortality rate after repeat bypass surgery — 
varies from 1.2 to 12.5%, and the incidence of reopera- - 
tion for bleeding ranges from 3.6 to 10.2%. 73 > 
Angioplasty of a saphenous vein bypass graft was | 
first performed in 1978 by Ford.*4 Since then a number — 
of publications have shown the feasibility of this tech- | 
nique, with an overall success rate of 87% (Table I). 
Almost the same success rate was seen in our combined — 
Dutch series. These rather high success rates probably 
reflect careful patient selection. Long midgraft lesions 
with highly irregular borders were usually avoided be- 
cause of the risk of distal embolization from detached 
material within the grafts, but our angiographic data 
are insufficient to further detail the angiographic ap- 
pearance of the lesions before percutaneous translumin- 
al coronary angioplasty. 
After a follow-up period of 5 years, 74% of 454 ae 
tients were alive, and only 26% of patients were alive © 
and event-free. The number of diseased vessels was 
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esence of multivessel disease as a factor leading to 
events and reinterventions in the follow-up of these 
patients. Since, in this survey type of investigation, the 
reason for late events or repeat angioplasty or repeat 
bypass surgery is not available, it is difficult to spec- 
ulate on the physiopathologic mechanism responsible 
-> for these follow-up events. We can not be certain if 
graft restenosis plays a major role in the high incidence 
of late events. 
However, the interval between coronary artery by- 
















ients (Figure 1). There were statistically significant (p 
.05) differences in event-free survival rates after a 


went bypass surgery within 1 year before angioplasty, 
tween | and 5 years, and >5 years before angioplasty. 





reviously published data!-3’-%!? that suggest that 
1astomotic lesions respond better to angioplasty than 
- lesions that occur later (midgraft), The manner in 
_ which balloon angioplasty relieves obstructions in vein 
_. grafts appears to be similar to that described for native 
© -coronary arteries and is characterized primarily by inti- 
-mal tears and plaque disruption. Within the first post- 
operative month, balloon angioplasty may be beneficial 
: to. relieve stenoses, particularly at distal anastomosis 
_. sites. Angioplasty of aortocoronary saphenous vein by- 
pass grafts >1 year of age can be performed with the 







` realization that involvement by friable atherosclerosis is 


-likely and that atheroembolization represents a risk.256 
- Eventually, the higher risk of reoperation will make 


- the use of less aggressive forms of therapy more attrac- 


~~ tive. Angioplasty of the venous conduits, of the native 
vessels themselves and alternative forms of nonsurgical 
- revascularization such as atherectomy, stenting and la- 
ser (balloon) angioplasty may obviate repeat bypass sur- 
_ gery in some patients.” However, within the limits of 
our study, we have not been able to look at the results of 
ngioplasty of native coronary arteries.in patients who 
again become symptomatic after venous bypass graft 
procedures. From published reports it seems that this 
technique also has its limitations. $3410.12 
` Our data demonstrate that 74% of patients who un- 
dergo angioplasty of a stenosis in a venous graft survive 
years after the angioplasty procedure, and that only 























its needing angioplasty within | year after bypass 
surgery, better long-term results can be achieved. Final- 
ly, angioplasty of a venous graft stenosis may be an al- 
ternative to reoperation in some patients with previous 
coronary artery bypass surgery. 

¿is the inherent limitation of this type of epidemio- 
istorical survey, that, although it provides the 
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ss surgery and angioplasty was known in all our pa- | 


dridge H, Henderson M. Percutaneous transluminal angioplasty of coron 
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Event-free survival was reported in 45, 25, and 19% of- 
- patients, respectively. This finding is in agreement with 
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eft ventricular. av) function ' is the most 
tant determinant of survival in patients wit 
eed nary artery disease (CAD).' Despite incre 
| operative mortality, the overall survival of selectec 
tients with CAD and severe LV dysfunction can 
proved with coronary artery bypass graft revasculai 









‘i ‘assess the outcome ofi re! 





„V ejectio fraction <40% who flaca ent init : 

A were analyzed. The majorit of pati tion compared with medical treatment.?-5 2 
- prior (>1 week) myocardial infaret ion {62 p: patients, - The role of percutaneous transluminal coronary 
85%). Congestive heart failure and unstable angina gioplasty (PTCA) in the treatment of CAD. patien 
were present in 24 (45%) and 49 (67%) patients, with LV dysfunction has not been well defined.®-§ Su 
resp ac ak m Multivessel anny Criesd disease cessfully performed PTCA brings an immediate 
eje a ton fraction crease in reversibly depressed LV regional systolic fun 
aortic tion,?!° which persists unless severe restenosis dev 
ops.!? With increasing application. of PTCA in patien 
pi 1 y used in in que te with multivessel CAD,!2 a potentially larger number. 3 
: fy. ‘Angiographic success was — setin _ patients with decreased LV function will be considered 
ae 128 lesions eee) erp * omplete rev; ‘as candidates for the procedure. This broadening appli- 
- Aariz zat cation may also include patients undergoing PTCA. for 
-olini el; ated fiaen was the treatment of acute myocardial infarction, a condi- 
5% (4 (4 patients). Al patients were followed from tion associated with varying degrees of LV dysfunc- 
26 to <71 months (average 26). tion. t? ; 
-The estimated survival was 79 +. 5%, 74+6%, — This report. assesses the immediate and short-term 
-66 + 7% and 57 + 8% at 1, 2 3 ie re- outcome in patients with severe LV dysfunction and 
Sp jec ' nah s revealed identifies the clinical, angiographic and procedural pre- 
dictors of cardiac survival after the procedure. : 


| METHODS p 
‘Study group: Of 2, 118 « conisécutive patients who un-. 
derwent a first coronary angioplasty at St. Louis Uni- 
tieni versity from May 1983 to February 1989, 73 consecu- 
rgo PTCA. tive patients (3.4%) with LV ejection fractions <40% 
(Am 3 J Cardiol 1 1991;67:367-372) comprised the study group. Patients with acute trans- 
mural myocardial infarction within 1 week before 
PTCA were excluded. Patients without left ventriculo- 
grams were also excluded. In our clinical practice, the 
patients were not denied PTCA on the basis of left ven- 
tricular dysfunction. However, patients with narrowings 
at a very high-risk location (e.g., left main coronary ar- 
tery) or those with unfavorable characteristics of na: 
rowings (e.g., long, chronic total occlusion, lesion lengt 
>2 cm, heavy calcification, ae 745° ER were 
always considered. for PTCA. 
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fore, only a single-plane left ventriculogram 
nalyzed. Ejection fractions were determined by 
‘area-length method. Coronary narrowings were 
red in 2 views using electronic calipers and ex- 
sed as percent diameter narrowing compared with 
diameter of the nearest normal arterial segment. 
verage of both views determined the percent re- 
n in luminal diameter. A 250% average narrow- 
was accepted as significant. The extent of coronary 
sease and the left ventricular contraction score were 
assified according to the Coronary Artery Surgery 
- coding system.'4 Major coronary arteries were 
ed as the left anterior descending and its large di- 
| branches, the left circumflex and its large obtuse 
‘ginal branches and a balanced or dominant right 
ary artery. Multivessel disease was defined as an 
average stenosis 250% of 22 major coronary arteries. 
The presence or absence of collaterals were noted for 
each arterial territory. 
<- Myocardial territory score: Myocardial territory 
core was determined according to modification of the 
1ethod of Alderman et al.!> The relative size of myo- 
ardial territory supplied by the terminal branches of 
‘coronary tree (e.g, distal left anterior descending, 
btuse marginal branch) was scored as small, medium 
r large in the following manner: 
. A large territory was subtended by a terminal 
ranch extending = of the distance from base to apex 
of the left ventricle in a projection which best elongates 
‘the segment. 

A medium territory was subtended by a terminal 
branch extending from 1⁄4 to 74 the base-to-apex length. 
©- A small territory was subtended by a terminal 
‘branch extending <'4 the base-to-apex length. 
= Sizing the distal left anterior descending artery 
(LAD) was unique: A small distal LAD terminated be- 
“fore the apex; a medium LAD at the apex, and a large 
-LAD wrapped around the apex of the left ventricle. A 
-point value of 3 was assigned for each large branch, 2 
‘for each medium branch and 1 for each small branch. 
“The total LAD septal territory was always given a score 
“of 3 points. A myocardial jeopardy score was then de- 
-fined as a measure of potentially ischemic myocardium. 
The myocardial jeopardy score was calculated by divid- 
ing the sum of branches distal to a stenosis 250% by 
he sum of all branches. A modified jeopardy score for 
contractile myocardium was also calculated similarly by 
assuming a zero jeopardy score value for an akinetic 
erritory supplied by a vessel with 250% stenosis. The 
myocardial jeopardy score was calculated before and af- 
ter PTCA after retrospective review of all cineangio- 
-grams by 2 reviewers unaware of clinical outcome. 
`: Percutaneous transluminal coronary angioplasty: 
PTCA was performed by means of standard techniques 
and a steerable balloon catheter system. Dilatation of 
the ci sion was attempted first, followed by revas- 

r pfer major vessel : 




















culograms were not performed in most pa- 


-was considered stat 


akinetic area was not routinely 
providing a potential collateral source. Patier 
ly underwent anticoagulation with a bolus of 10,00 
units of intravenous heparin during the procedure. Ac 
ditional heparin was administered if the procedure was 
prolonged. The heparin infusion (1,000 units/hour) was — 
maintained overnight or longer in patients who had an- ` 
giographic evidence of a large intimal tear or dissection. — 
Calcium antagonists and antiplatelet drug therapy (325 - 
mg of aspirin and 75 mg of persantine administered 3 - 
times daily) were begun before the procedure. Percuta- . 
neous cardiopulmonary bypass and intraaortic balloon — 
pumping were used in 3 (4%) and 11 (15%) patients, 

respectively. The indication for percutaneous cardiopul- 
monary bypass was either dilatation of a vessel supply- 
ing >50% of the myocardium or dilatation of the only — 
remaining vessel. The indications for intraaortic balloon’ 

pumping were cardiogenic shock, unstable angina and _ 
dilatation of a vessel supplying an extensive area of 
myocardium as previously described. a 

An angiographic success was defined when 230% 
reduction in the luminal diameter of the stenosis was 
obtained and the residual narrowing was <50%. - = 

A clinical success was defined as successful dilata- 
tion of at least the culprit lesion, with immediate clinical - 
improvement in anginal status without major in-hospital - 
complications such as myocardial infarction, the need- 
for emergency coronary bypass grafting or death. = 
Degree of revascularization: Revascularization was- 
considered complete where all major coronary or- 
branch vessel lesions 250% were successfully dilated. 
This was equal to a post-PTCA jeopardy score of 0. 

Functional evaluation and follow-up: All patients 
were eligible for =6 months follow-up. Follow-up func- 
tional status and presence or absence of cardiac events 
or complications were determined by clinical visits, tele- 
phone interview and periodic questionnaires. All deaths 
that occurred as a result of clearly described noncardiac 
causes (such as cancer, accidents) were classified as 
noncardiac deaths and the remaining deaths were ac- 
cepted as cardiac deaths. No verification of cause of 
death was attempted other than available records and 
family’s description. o 

Data collection and entry: Demographic and clinical: 
information, angiographic and angioplasty measure- 
ments and data after angioplasty were recorded on stan- 
dard forms by a physician prospectively during hospital- 
ization. This information was audited for completeness 
and entered into a computerized data bank. 

Statistical analysis: The survival was estimated by 
the Kaplan-Meier method. The baseline, clinical and 
angiographic factors listed in Tables I and H were ana- 
lyzed using a Cox proportional-hazards regression pro- 
gram (BMDP) with regard to cardiac mortality after 
PTCA.!® Relative risk ratios were calculated from esti- 
mated risks for favorable and unfavorable values of 
each independent variable.'’ A p (2-tailed) value <0.05 
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7 POOR of 73 Patients with: Severe Left 
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a Age (yr), mean (range) 












62 + 10 (36-82) 
Men 53 = 73 
_ Unstable angina* 49 67 
Prior MI (>3 months) 30 42 
Recent Q-wave MI (<3 14 ag 
“months but >1 week) : | a 
Non- -Q-wave MI 18 ~ 25 
recent or prior MI S EE 15 
History of CHF 3300045 
Diabetes mellitus 20. eae SS 27 


hiar Registry definition. 
G-= coronary artery bypass grafting, CHF =. congestive heart R MI = 
yocardial infarction. l : 











orth in 85% of the 128 





c success was accomp 





_ dy score was decreased significantly from 0.62 + 0.21 


< (range 0.22 to 1.0) to 0.31 + 0.24 (range 0 to 0.95) 


fter. PTCA. Clinical success was achieved in 60 pa- 


nts with 1 rather than in. those with 2 or 3-vessel 


lous procedure-related complications; 3 had Q-wave 
cardial infarction: 2 died, 1 after CABG; 1 had 
. cute closure requiring emergency coronary artery by- 
a pass grafting and 1 additional Patient’ s death was relat- 
ed to acute closure. ey eh 

a - Three patients without proodiicat bétiptications un- 
ent coronary artery Alara surgery before —_ 













“ly hough the PTCA was ‘initially successful, only i in- 
- complete revascularization was obtained. Pa 








eath. This patient had an angiographically : success- 







at autopsy). Therefore, the total in-hospital mor- 
was 5% in 73 patients. a 

Follow-up: All surviving patients were followed from 
o $71 months (mean 26) after PTCA. Estimated 
ral was 79 + 5% (n = 46), 74 + 6% (n = 33), 66 
= 18) and 57 + 8% (n = 12) at 1, 2,3 and 4 









ectively (Figure 1). The following ; nonfatal 


ular Dysfunction Who Underwent Coronary Angioplasty ; 





















; ational Heart, Lung, and Blood Institute Percutaneous Transluminal Coronary 


- Cia. E 


ns attempted in the 73 patients: The global j jeopar- 


0.002), low LV. ejection fraction (p = 0.027) and high 
nts (82%). The clinical success tended to be higher i in baseline jeopardy score for contractile myocardium (j 
lisease (92, 86 and 71%, respectively, p <0.25). Of the 
0 patients with clinical success, 16 (27%) had complete 
-< revascularization. The incomplete. revascularization was 
_ due to residual total occlusions in 30 (68%), :70 to 99% 
<- Marrowings in 11 (25%) and 50 to 69% narrowings in 3. 
a patients (7%). The jeopardy score. after PTCA in this- 
_ group was 0.33 + 0.15. There were 5 patients (7%) with 


the baseline global jeopardy ; score was marginally relat 


the presence or absence of these variables i is shown: i 


: emergency coronary artery bypass- surgery and a 4% 


_ hospital mortality of 5%. The comparative data on the 


ult sof PTCA complications, there was 1 other a kee 


esult with no clinical or electrocardiographic evi- | 
of reocclusion and died ‘suddenly (PTCA site was- 






TABLE ii P Characteristics of 73 Patiants 
Severe Left Ventricular Dysfunction Who Underwent. Corg 
Angioplasty 








Characteristics 


_ One-vessel disease. | 
~Two-vessel disease | 36 49 
| Three-vessel disease | 24 33 
. Mitral regurgitation : 












Ejection fraction (%), mean (range) - 
| Left ventricular score, mean (range) 
Baseline (mean, tange) 

Global jeopardy score 

` Jeopardy score for contractile 


0.62+0.21 (0.22-1.0 
03840.25 0-10 















































myocardium ` 
~  Post-PT CA (mean, range) “ 
Global jeopardy score 0.3140.24 (0.0-0.95) 
-Jeopardy score for contractie 0.18 +0.22 (0.0-0: 91) 
_ myocardium 


ğ PTCA = percutaneous ‘ransluminal coronary angioplasty. 
tients were the presence of congestive heart failure int = 


= 0.035). When the latter was. kept out of the model 





ed to outcome (p = 0.06). Estimated survival curves fo 


Figure 2. 


DISCUSSION ss 
In this series sol patients: with h relatively TOE fea 


acute myocardial infarction rate. Procedure-related _ 
death was observed in 4% of our patients with a total in- 


results of PTCA in patients with LV dysfunction are 
scarce. The current clinical selection process in most 
centers for PTCA excludes ‘Most patients with severe 
















SURVIVAL % 




















of Cox Regression Analysis 


Standard 
Error 





Regression 
Coefficient 





gestive heart failure 


j ejection fraction -0.078 0.034 


eopardy score for- 2.149 0.821 


-contractile ene 


f iy defined for let ventricular ajection fraction and jeopardy score. 
ments ‘chi-square. 
ventricular. a 





safunction: because of unsuitable total occlusions or 
igh-risk coronary anatomy. 

artzler et al® reported their experience with “high- 
sk” PTCA in several patient subsets with unfavorable 
ures. Among the 664 patients with ejection fraction 
0%, the procedure-related mortality was 2.7% with a 
lative risk ratio of 5.9. With the exception of acute 
ardial | infarction and left main dilatations, poor 
unction had the highest risk ratio among the other 
risk factors, including age 270 years, left main 
valent disease, 3-vessel dilatation and unstable angi- 





‘a a preliminary report, Doria et al’ reported 
CA results i in 101 patients with LV ejection fraction 
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<35%. The success rate in this sida was s 86% with. 4 
mortality, 4% acute myocardial infarction and 3% 
emergency coronary bypass surgery rates. comparable A 
to our results. Although these investigators did not re- 
port the extent of CAD, 45% of their patients had un 
dergone coronary artery bypass grafting and 81% had 
prior myocardial infarction. z 
Kohli et alf performed PTCA in 63- patients with a 













aih reeni t myocardial infarction, 69%. witl : 
angina and 14% with multivessel Sa s y ar 


3.3% morality). ‘a | 

gioplasty and. mortality: These immediate results sug- 
gest that in patients with LV dysfunction who undergo 
PTCA, procedure-related mortality i is increased. The in. l 
traaortic balloon pump!® and, recently, percutaneous: : 
cardiopulmonary bypass!” have been used to increase 
the safety of PTCA in patients with LV. dysfunction. In 
our series, intraaortic balloon pump and a e 
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monary oe were used ; in ay 15 aid 5% of 


espectively. 
Several investigational methods have been proposed 
to protect LV regional function during balloon infla- 
tion.'?-?3 However, no data are available on the routine 
use of these methods during PTCA in patients with se- 
vere LV dysfunction. | 
- Increased mortality during follow-up after percuta- 
neous transluminal coronary angioplasty in patients 
with left ventricular dysfunction and determinants of 
survival: In the study of Dorros et al,’ 22 late deaths 
2%) occurred in a mean of 3.2 years after PTCA. 
Similarly, Kohli et al® reported a 24% mortality during 
0 45 months (average 22) of follow-up. In our study, 
4-year estimated survival was 57 + 8%. In this 
‘oup of high-risk patients, identification of features as- 
sociated with increased mortality is critical for patient 
selection and treatment. Clinically, the survival after 
~~ PTCA was most adversely affected by the presence of 
-congestive heart failure and very low LV ejection frac- 
mn. This is further supported in published surgical re- 
; ports indicating the increased operative mortality in pa- 
“tients with congestive heart failure.42> The myocardial 
jeopardy score for contractile segments before PTCA 
was an angiographic indicator of the amount of poten- 
ally ischemic myocardium and was an independent 
edictor of mortality in our study. Jeopardy score for 
ntractile myocardium was a better predictor of surviv- 
| than global jeopardy score, emphasizing the impor- 
tance of the amount of myocardium at risk for future 
- events. The extent of coronary disease was a strong risk 
_ factor for hospital mortality among 8,207 PTCA proce- 
: dures analyzed by Ellis et al.” 
. With the available data, it is difficult to determine 
~ the impact of restenosis on survival. As in previous re- 
- ports,” incomplete revascularization itself was not as- 
-sociated with increased risk of mortality once the effects 
-of baseline variables are taken into consideration. 
- Comparison with surgical revascularization: Bc- 
cause there are no randomized data available, it is diffi- 
t to compare the results of PTCA in patients with 
< LV dysfunction with a natural history of CAD or with 
. the results of coronary artery bypass surgery. Operative 
a ‘mortality at coronary bypass surgery increases with the 
„severity of LV dysfunction and may be as high as 7% in 
atients with very poor LV performance (LV ejection 
ction <19%) according to the Coronary Artery Sur- 
ery Study.’ However, a more significant survival bene- 
after coronary artery bypass surgery over medical 
reatment is apparent in patients with LV dysfunction, 
espite an increased operative mortality.2-4 In studies 
omparing surgical and medical treatment in patients 
‘ith. LV dysfunction, the survival benefit gained from 
"artery bypass surgery is usually not evident 
ears: i surgery 2-4 Comparable Tong- 




























































Study lmitations: Our study fe severa il limi 
inherent in this type of retrospective analysis. In ; small 
proportion of patients undergoing PTCA, no left ven- 
triculograms were available. Therefore, these patients 
were not included in the series. The cutoff point for 
ejection fraction of 40% was arbitrarily chosen to 
comparable to previous reports. Left anterior obli 
left ventriculograms provide additional information 
LV function that may not be apparent on single-plar 
right anterior oblique angiograms. Data were accumt 
lated over several years, during which. performance of 
PTCA procedures underwent some changes (e. 2 the 
use of percutaneous cardiopulmonary bypass). | 

Clinical implications: Our results showed that 
high-risk subset « can be identified among patients wit 
severe LV dysfunction who undergo PTCA. Those wit 
congestive heart failure or extensive CAD with la 
amounts of potentially ischemic myocardium and thos 
with worse LV systolic function are at particularly high 
risk. 
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~ sore, Leredliateby and 1 year after a an angiopl sty 
All patients also received aspirin and dipyridam 
-before angioplasty. Heparin and verapamil were 
ministered intravenously during the proc , 
fhe 2 groups were similar with resp act to. age, ex- 
ent of coronary artery disease, smoking history, 
_ „and baseline lipid levels. Procedural complica 
-including death (1 vs 1), Q-wave infai ctio 


















~. acute occlusion (5 vs 5) and focal spasm (O vs 0), 
_- were not significantly different i in the diltiazem and 
Ey placebo patients, respectively. F om from all 

- acute complications was noted in 85% of patien 
in both groups. One-year angiograp phic follow-up 
Was obtained in 60% of p its. Restenosis rates 
-were similar: 36% in the diltiazem group and = 
-in the placebo group (p = 0.30). The incidenc 
~~ ate cardiac events (death, Q-wave myocare dial pd 
_ farction, recurrent angina or coronary bypass z graft 
: surgery) was similar in the 2 group is 


















Effects of Diltiazem o on 
Restenosis After Coronary Angioplasty 


James H. O'Keefe, Jr., MD, Lee V. Giorgi, MD, Geoffrey O. Hartzler, MD, 
Thomas H. Good, MD, Robert W. Ligon, MA, Deborah L. Webb, RN, 
and Ben D. McCallister, MD 


_ hours after the procedure. Vasospasm at the site of 


chronic restenosis. Calcium antagonists have bee 


animal models,4® and preliminary evidence suggest 


on (01 vs 3), 





nc plications and 






















“alcium antagonists are Tadaa attr: IV 
agents for use after coronary angioplasty. By re 
~~ ducing smooth muscle contraction at the | a 
plasty site, calcium. antagonists might minimize ongo 
endothelial trauma and platelet deposition in the ea 


gioplasty during follow-up,! and elastic recoil? of 
dilated segment, have also been implicated as causes 


shown to retard the development: of atherosclerosis i 


that this class of drugs. may inhibit the development. of i 
new atherosclerotic lesions in humans as well.?!° Dil ia- 
zem and verapamil have mild antiplatelet activity," 
and all calcium antagonists have been shown to provide 
cardioprotection during and after ischemia.'*!© Thus, 
although there are many potential reasons for the em- 
piric use of calcium antagonists in patients undergoing = 
coronary angioplasty, clinical data on the actual con- 


_ ferred benefits are less well documented.!7 The purpose = 


of the current study was to evaluate the usefulness of ` 
diltiazem in preventing acute complications, restenosis a 
and recurrent cardiac events after elective coronary an- 
gioplasty. 


METHODS 


A total of 201 patients were enrolled in this random- ` F 


ized, placebo-controlled, double-blinded trial evaluating 


oral diltiazem for the prevention of restenosis after coro- — 
nary angioplasty. Patients were excluded from study i 
participation for angioplasty performed for an evolving- 
acute myocardial infarction, high-grade atrioventricula 
block, sick-sinus syndrome, recent thrombolytic admin 
istration, or other severe concomitant medical illnesses 
Both diltiazem and placebo were given on a 3 times per => 














day dosing schedule. The diltiazem dose ranged from 


240 to 360 mg per day (mean, 329 mg). Treatment be- 4 
gan 24 hours before angioplasty. All patients received at ~ 


least 1 dose before the procedure. Compliance monitor- 


ing revealed that 96% of all dispensed pills were ingest- 
ed. 


Angioplasty protocol: Elective coronary angioplasty 
was performed using our standard protocol.'® Int 
regimen, patients are pretreated for at Jeast 24 


; rt din with 325 mg of aspirin daily and dip ridamol l 
s; Kans. e a day. The patients 3 were rou 
of intraver 
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F male /male (%) 

















F amily history d of. heart disease (%) 54 (52.9) 
abetes mellitus (%) 6 (5.9) 
garette smoking (%) 73 (71.6) 
tal cholesterol >240 mg/dl (%) 13(12.7) 
j pressure >145/90 mm He (%) 42 (41.2) 

‘Chronic lung disease (%) 4 (3.9) 


3(2.9) 





Peripheral vascular disease (%) 


sty at hourly intervals during the procedure. Imme- 
ely after angioplasty, a continuous intravenous hep- 
‘infusion was initiated for approximately 24 hours. 
ir e follow-up, other cardiac medications were used 
ded; calcium antagonists and 8-blocking drugs 
5 avoided. Patients were contacted by telephone or 

visits, or both, at 2, 4, 6, 9 and 12 months after 


luantitative angiography: Coronary stenoses were 
S ured cr quantitative angiographic ES The 


well’ as a percen oe Senos penan Restenosis 
was defined as return to 270% or luminal area stenosis 
and loss 250% of the initial gain with angioplasty. Per- 
cent area stenosis and absolute minimal luminal diame- 
ter were also evaluated as continuous variables. In this 
model, restenosis is defined as the change in the mean 
from reine after angioplasty to follow-up. 


” ‘Randomization resulted in 102 patients in the diltia- 
zem and 99 patients in the placebo groups. The 2 
„groups were similar with respect to demographic and 
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Diltiazem (n = 102) 
14/88 (13.7 /86.3) 


Treatment 
Placebo (n = 99) 
18/81 (18.2/81.8) 





52 (52.5) 

9(9.1) 1.00 
79 (79.8) 0.43 
15 (15.2) O19 
35 (35.4) 0.69 

3 (3.0) 1.00 

3(3.0) j 


baseline angiographic characteristics (Table D. In-hos- | 
pital complications were similar in the 2 groups (Table 
II). Acute reocclusion occurred in 5%. of both groups. 
An insignificant trend toward a lower incidence of pro- — 
cedure-related Q-wave myocardial infarction was noted 
in the diltiazem group. : 

Complete angiographic follow-up was available in- 
120 patients (60%). A single lesion was dilated in 63 - 
patients, and 57 patients underwent multilesion percuta- _ 
neous transluminal coronary angioplasty. Quantitati S 
analysis showed a decrease in the mean area stenosis 
from 85% before percutaneous transluminal coronary 
angioplasty to 50% immediately after, and to 63% at the. : 
time of the follow-up angiogram. These changes were- 
similar in the 2 groups (Figure 3). The changes in mini- 
mal absolute luminal diameter also were not different in | 
the 2 groups (Figure 4). The overall patient restenosis _ 
rate was 36% in the diltiazem and 32% in the placebo. - 
groups (p = 0.30). Late cardiac events, including recur- — 
rent angina, death, Q-wave myocardial infarction and > 
need for elective coronary artery bypass graft surgery 
during follow-up, occurred with similar frequency in the © 
2 groups (Table III). Laboratory values at baseline and 
at 1-year follow-up were similar in the 2 groups (Table 
IV). Recurrent angina pectoris during follow-up oc- 
curred in 46 and 37% of diltiazem- and placebo-treated- 
patients, respectively. 





AREA CALCULATION 


= (dtl. 


en PA 



































Per utaneous Transluminal Coronary Angioplasty 











Treatment 





Placebo 
— (n=99) 


Diltiazem 


(n= 102) p Value 









i 87 (84.5)  83(84.5) NS 
-Death (%) 10.9) — 1 (1. O N 
Q-wave AMI (%) o C384) 042 
Acute occlusion (%) 5{4, 9) 55.1) NS 
nergency surgery (%) 3 (2. 9).  2(2.0). NS 
Dysrhythmia (%) o 1(1.0) NS 
Unstable angina (%) 1 (0.9) 220 NS 
ir timal dissection (%) 4A(38) 4(4.1) ONS 
ntricular fibrillation (%) Or oy, OES NS 
“k(%) 2.9) OO NS 


rin and calcium e have: beer used em- 
1 ly after coronary angioplasty since Gruentzig et 
é all? first introduced the procedure 13 years ago. Aspirin 
has stood the test of time and, although it does not pre- 


g acute vessel closure after coronary angioplasty.2! 
Convincing clinical evidence to support the routine use 
of. calcium antagonists after elective angioplasty. does 
not exist. The results of the current. study suggest that 
-diltiazem does not prevent restenosis or recurrent cardi- 
-ac events after coronary angioplasty. 

Acute vessel closure: Abrupt, acute or subacute ves- 
< sel reocclusion after coronary. angioplasty i is generally 
the result of intimal and medial disruption with flap for- 
mation, thrombus accumulation and coronary vaso- 











lasty is probably underappreciated by many < clinicians. 
A study using quantitative stenosis measurements with 
sequential angiograms in the first several hours after di- 


~ lation demonstrated routine progressive coronary vaso- 
constriction in the dilated segment.”? This vasospasm 
occurs even in patients pretreated with aspirin and calci- 
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| TABLE m Events 5 During Follow-Up 











| TABLE iv One-Year Laboratory Values 





ent restenosis, it has proven highly effective in prevent- | 


pasm. The problem of coronary vasospasm after angio- 









Treatment 






Placebo . 
(n= 99) 


m 


Diltiazem 
(n= 102) 


3 (3) 
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CABG (%) 1 0) 10 
Q-wave ML(%) - 0 id). .4 
Angina (eh) 38 (37) <39 39) 04 


l CABG = coronary artery bypass graft surgery: Mi ) = myocardial infarction. . 
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1884+93 


l Diltiazem | 


172496 





Total cholesterol (mg/dl) _ 



















HDL cholesterol (mg/d) 24417 ` 25415 — 

- Trigtyceridės (mg/dl) "1254+103 1384 100 A 
Creatine kinase — 88486 84491 808. 
Albumin (g/dl) . 342. 442 05” 
BUN /creatinine ratio 1046 1048 0.8 
Total protein(g/dl) - 543 643 0.4 
Albumin /globulin ratio i+] i+] 









-BUN= blood urea nitrogen: HOL =i ens apron. 







um E which suggests that it results from a 


direct receptor-mediated or myogenic response to arteri- 


al injury. This reflex vasoconstriction can be reversed: or 
prevented by nitroglycerin. Although diltiazem was in- 
effective in preventing acute vessel reocclusion in this — 
series, all patients were routinely pretreated with sublin- 
gual isosorbide dinitrate and intravenous verapamil. Ad- 
ditionally, transcutaneous nitroglycerin was used for the 





‘first 24 to 48 hours after angioplasty. It is possible that 


diltiazem may be useful in preventing acute events due 


to abrupt vessel closure as a consequence of coronary 
vasospasm in patients who are not pretreated with ni- 
trates or verapamil, although this question was not ad- 2 


dressed in the current study. 

Restenosis: Restenosis is emerging as a major focus — 
of cardiovascular research efforts. This is a complex — 
pathophysiologic process . that involves more than one 
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me hanism. ‘Myointimal smooth. muscle ‘cell. prol ifera- | 


he most common histologic picture,” although 
‘recoil of the vessel wall has also been implicated 
use of late luminal narrowing after coronary an- 
lasty.2 It is theorized that this elastic recoil is inde- 
lent of medial injury (unlike the proliferative re- 
e) and involves overstretching of the vessel. Reste- 
in this scenario is the result of gradual “restitution 

one” of the overstretched segment. The results of 
tudy, as well as previous reports,” suggest that 
ium antagonists are ineffective in preventing this 
of restenosis. Abnormal vasomotion in the dilated 
ary segments has been observed to occur frequent- 
or up to 6 months after angioplasty. One study docu- 
xd an abnormal response to ergonovine provocation 
8% of patients.’ 27 Although the restenosis rate was 
gh (50%) in patients with provocable coronary spasm, 
atment with high-dose nifedipine did not prevent 
bnormal vasomotor response. 
jus, calcium antagonists, like all pharmacologic 
d onpharmacologic approaches used to date, appear 
effective in reducing the restenosis rate after coronary 
ingioplasty i in humans. 
-Recurrent cardiac events: Perhaps the most surpris- 
-ing result of this trial was the ineffectiveness of diltia- 
in preventing recurrent angina or cardiac events 
‘dui ring follow-up. No differences were noted with re- 
‘spect. to the incidence of recurrent angina pectoris, 
acute myocardial infarction, coronary bypass graft sur- 
gery, or death during follow-up between patients treated 
`> with diltiazem or placebo. Diltiazem and other calcium 
antagonists, as well as 8 blockers and nitrates, can mask 
the clinical recurrence of angina pectoris in patients 
- with restenosis. It is uncertain why this effect was not 
observed in the present trial, although it may in part 
> to the use of concurrent antianginal medications 
in the study patients. 
n the basis of previously reported trials, most car- 
ologists have come to the realization that calcium an- 
gonists probably do not importantly influence the oc- 
rence of restenosis after coronary angioplasty. How- 
er, Many centers continue to use calcium antagonists 
routinely after angioplasty to prevent subacute and 
chronic events.!’ The results of this study suggest that 
calcium antagonists need not be routinely used unless a 
distinct indication (angina, hypertension, incomplete re- 
- vascularization, and so forth) is present. 

Study limitations: Although this was a randomized, 
_ double-blinded, placebo-controlled study using quantita- 
tive angiography, the angiographic follow-up rate was 
relatively low at 60%. The sample size (patient number) 
was too small to detect a modest (<25%) reduction in 
the restenosis rate, although the analysis of restenosis as 
a continuous variable using quantitative angiographic 
definitions increases the power of the study.” The rou- 
tine use of nitrates and verapamil during the procedure 
Į robably obscured to some degree the effect of diltia- 
zem on acute. e events carly after. angioplasty.. 
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ÃO A | » from atrial myocytes not only i in congestive hear 


_mias. For example, in atrial arrhythmias, whether the 


which is obviously faster and very irregular in atrial fi- 
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L failure (CHF), but. alsoin atrial and ventricular 
tachyarrhythmias.! ‘4 A ventricular origin of ANP in se- 
vere ventricular dysfunction reported recently is Jess 
However, the me 
anism of ANP release from t still remains 
troversial, particularly i in the setting of cardiac arrhy 
























fast atrial rate itself or the associated elevation of atrial : o 
pressure, or both, contribute to this increase continues 







to be a subject of debate.” Repetitive electrical stimu- 


lation of the isolated left atrium has been observed tọ 
release ANP in the perfusate bathing the atrial prepara- 







tion, indicating that stimulation frequency was the mod- 


ulator of ANP release in this. setting.’ Electrical cardio- = 
version of spontaneous or induced. supraventricular ar- 
rhythmias reduces elevated plasma ANP levels along 
with a concomitant decrease in atrial pressure.’ The 
purpose of our present noninvasive clinical study was to ~ 
investigate in humans the ANP profile in sustained atri- 

al flutter and fibrillation and the ANP response to car- ; 
dioversion. We wished to determine if the atrial rate, o 







brillation, generated higher plasma ANP levels than 
did in atrial flutter, and if any associated CHF contr 
uted to elevation of ANP concentration in these s 
tings. In addition, we explored the role of the mode 
cardioversion (spontaneous, pharmacologic or electri- 
cal) and the use of the anesthetic agent on the ANP 
response to conversion of the arrhythmia to sinus 
rhythm. In patients who had CHF associated with atrial = 
arrhythmia, we examined whether persistence of CHF ~~ 
after cardioversion influenced the -plasma ANP levels. 


METHODS i O 
Patients: We studied Tnn 38 men and 2 
women, aged 52 to 86 years (mean + standard error of | - 
the mean 68 + 1), hospitalized for elective cardiover- ` a 
sion. Twenty-seven of them had atrial flutter (age 68 + 
1 years) and 13 had atrial fibrillation (age 68 + 4. oe 
years). E 
The duration of atrial flutter ranged from 7 days to _ 
rillation from 3 hou 











had various other condition’ such as coronary artery 200° on | is w 
300 wW saani in those with’ atrial 


disease with or without hypertension, mitral valve dis- 

ease, repair of atrial septal defect (1 patient) and exci- 

sion of left atrial myxoma (1 patient). Seven of 11 pa- 

ents with atrial fibrillation had angiographically 

ocumented coronary artery disease, 2 had dilated car- 

iomyopathy and the remaining 2 patients were, respec- 
ly, 2 weeks and 4 months status post aortic valve 
lacement. 

During. history taking special attention was paid to 
duration of the atrial arrhythmia, associated etiolog- 
actor or factors and presence or absence of indexes 

HF. The patients were carefully examined for evi- 

ence of elevated jugular venous pressure, S, gallop or 
ilar pulmonary rales. At least 2 of these 3 findings 
'e required for a patient to be included in the CHF 
up. No patient needed right-sided cardiac catheter- 
on for documentation or Reiner of ae in 





e taking sth any aa 6 pa. Rone The latter 
rugs were added 24 hours before electrical cardiover- 

On the morning of the day of cardioversion, per- 
med in the medical intensive care unit, breakfast was 
itted, digoxin was withheld and serum electrolyte 
evels determined. Electrical cardioversion was then at- 
I apted i in 37 of 40 patients. The other 3 had reverted 
to sinus rhythm, 1 spontaneously (i.e., within 10 min- 
utes of administration of quinidine gluconate orally) 
and 2 pharmacologically, after the administration of 3 
or 4 doses of the antiarrhythmic agent. Under intrave- 
nous methohexital anesthesia, electrical cardioversion 
was performed using direct-current countershock 25 to 
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and | hour after cardioversion 10 ml of periph 
nous bleod was drawn in ethylenediamine tetraacetate 
tubes on ice for determination of ANP concentration by 

a radioimmunoassay technique.” The sensitivity of the - 
meh i in our laboratory has been 3 pg/ml and inter- 
and intraassay coefficients of variation were 18 and — 
12%, respectively. The patients were observed for 2 
hours after cardioversion in the medical intensive care — 
unit where vital signs, indexes of CHF and evidence for 
recurrence of arrhythmias were monitored. They were 
then transferred back to the floor care. 

Statistical analysis of the data was performed using 
Student’s ¢ test for paired values, each. patient acting as 
his own control, and values is daca as mean + stan- 
dard error of the mean. 


RESULTS 

Atrial arrhythmias and left atrial size: The left atri- 
al size could be measured in 25 patients with atrial flut- 
ter and 10 with atrial fibrillation. In 5 patients the study 
was technically limited precluding | accurate measure- | 
ment. The mean left atrial size in the group with atrial 
flutter was 4.3 + 0.2 cm (range 3.2 to 6.4) and that in | 
the group with atrial fibrillation 4.2 + 0.3 cm (range | 
2.5 to 5.7). The difference between the 2 groups was not 
significant. | 

Cardioversion, mode and outcome: Three patients 
did not need electrical cardioversion (see before), and of 
the remaining 37 requiring electrical cardioversion, 36 
had conversion to sinus rhythm (24 had atrial flutter 
and 12 had atrial fibrillation). The single patient with 
“failed” cardioversion had atrial flutter for 3 days 
complicating a massive inferior and right ventricular in- 
farction. 

Atrial natriuretic peptide levels, duration of ar- 
rhythmia, heart rate, blood pressure, left atrial size 
and cardioversion: Except in the patient in whom car- . 
dioversion was unsuccessful (see before) and in whom 
ANP concentration was unchanged, 83 pmol/liter (250 
pg/ml}, the plasma ANP level decreased in the entire 
group ef patients with atrial arrhythmia from a mean of — 
38 + 4 to 17 + 2 pmol/liter (115 + 13 to 5I 47 pg/- 
ml) (p <0.001). It decreased in the group with atrial 
flutter from 38 + 5 to 16 + 2 pmol/liter (114 + 16 to 
49 + 73 pg/ml) (p <0.01), and in the group with atrial 
fibrillation from 45 + 9 to 21 + 5 pmol/liter (134 + 27 
to 62 + 16 pg/ml) (p <0.05). The difference in ANP 
levels between the 2 groups was not statistically signifi- 
cant. The duration of the arrhythmia did not correlate 
with plasma ANP concentration in either subgroup. Re- 
gardiess of the arrhythmia subset, the control level of 
the ANP correlated strongly with its decrease after car- 
dioversion (r = 0.88, p <0.001, Figure 1). With regard 
to heart rate (control mean heart rate in the entire 


- group was 100 + 4 beats/ min and decreased after car- 





ats/min, p ie 00D; 4 the ventric- 










: sssures in 
ai sion were 





128 + 4 and 81 + +? mm Hg, i 








th values y were 128 + 4 iad’ 77 a Er mm He | hed daal inden of CHF before and after cardi 
e not significant [NS]). In the group with sion (successful in 13 and unsuccessful in 1 patient). 
fibrillation the control mean systolic and diastolic The control plasma ANP levels in 13 patients with suc- 
jressures were, respectively, 140 + 6 and 87 +3 cessful cardioversion was. 41 + 8 pmol/liter (142 E 
g and after cardioversion were 148 + 6 and 84+ pg/ml), and decreased to 19 + 3 pmol/liter (58 + 
m Hg (NS). The control mean blood pressure for pg/ mi) after cardioversion (p <0.01). The plasma AN 
entire group was 103 + 9 mm Hg and after cardio- levels in the 26 patients without CHF (16 with a 
on 97 + 2 mm Hg (NS). Neither systolic, diastolic flutter and 10 with atrial fibrillation) decreased fror 
nor the mean blood pressure in either group correlated + 5 pmol /liter (100 + 14 pg i to 16 + 3 pmol/l 
ith plasma ANP levels either during atrial arrhythmia (48 + 9 pg/ mi). P- <0. 01). 
-or in sinus rhythm after cardioversion. The left — l 
ls size also did not correlate with ANP level in ei- 























DISCUSSION SET ¢ 
-.. An increase in plasma ANP concentration in a 
I | arrhythmias has-been attributed to associated elevation 
e to cardioversion (Figures 2 and 3): Eleven pa- of atrial pressure in these circumstances.347 Likewis 


nt | with atrial flutter and 3 with atrial fibrillation the decrease after < ci 
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as observe in a patient with CHF (no. | pace a 
j other patients with CHF (nos. 7 and a E g 
d not | have higher ANP levels than in 
patients without CHF (nos. 2, 4 and i 
ther: abbreviations as in Figure 2 Ean. 












ee specula , ae 
Thus, ¢ our present data indicate: that 


: an 8 E suggest that atrial ges tea 
cause elevation 1 in mas ANP concentration 


2 53 patients with CHF the indexes of CHF 
fter successful cardioversion, but their elevat- 
ma ANP Jevels decreased significantly by resto- 
tion of sinus rhythm (Figures 2 and 3). 
iebinger and Linden’ concluded from an electrical 
cing study of isolated rat atrium on ANP release that 
e frequency of atrial contraction directly influenced 
-secretion of immunoreactive ANP from the atria. 
; suggests a similar role for atrial arrhythmias on 
P release in humans. Our arrhythmia patients with 
obvious CHF did not have significantly higher ANP 
vels than those without CHF. The mode of cardiover- 
sion, | spontaneous, pharmacologic or electrical, also did 
fluence its effect on plasma ANP levels. Further- 
the use of intravenous anesthesia did not alter the 
1a ANP concentration. It was abolition of the atri- 
hyarrhythmia and restoration of sinus rhythm that 
reased the plasma ANP concentration unrelated to 
iode of cardioversion or the presence of CHF. 
With regard to atrial rate effects on ANP release, 
can postulate. that. high frequency of atrial contrac- 














atrial flutter and its twitches in atrial fibrillation 


increased release of ANP from the atrial cardio- 

cytes elevating plasma levels of this hormone. These ele- 
- vated levels fall promptly with the restoration of sinus 
rhythm and a slower atrial rate. Although the atrial 
- rate is obviously higher in atrial fibrillation than that in 
_ atrial flutter, the plasma ANP levels did not differ sig- 
nificantly between the 2 groups. Whether the frequent 
and irregular atrial twitches in atrial fibrillation are not 


sufficiently organized to induce greater ANP release 


= _ from the myocytes than that caused by less frequent but 


plasma ANP levels in atrial flutter and fi 
unrelated to left atrial size, ig 





shan y 





and pa after ER regal so pos the se 
of anesthesia or the mode of cardioversion. | aA 
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Sudden Cardiac Death While Wearing a 
Holter Monitor 


Klaus V. Olshausen, MD, Thomas Witt, MD, Tiberius Pop, MD, Norbert Treese, MD, 
Klaus-Peter Bethge, MD, and Jurgen Meyer, MD 


The Holter tapes of 61 patients (46 men, mean age 
+ standard deviation 65 + 11 years) with sudden 
cardiac death while being monitored were ana- 
lyzed. Thirty-eight patients were known to have 
coronary artery disease, 5 had cardiomyopathy, 
and 7 had aortic valve disease. Etiology remained 
unknown in 11 patients. Mean New York Heart As- 
sociation functional class was 2.5 + 0.7. Thirty pa- 
tients had received antiarrhythmic drugs and 32 
had received digitalis. Sudden death occurred at 
rest in 73%. In the hours before death, repetitive 
ventricular arrhythmias were found in 50 patients 
(82%), with atrial fibrillation in 34%. Patients with 
bradyarrhythmic death (18%) had less complex 
ventricular activity compared to patients with 
tachyarrhythmic death (p <0.01). Lethal arrhyth- 
mias—monomorphic ventricular tachycardia, poly- 
morphic ventricular tachycardia, torsades de 
pointes, primary ventricular fibrillation, and 1:1 
conducting atrial tachycardia—were found in 26 
(43%), 15 (25%), 5 (8%), 3 (5%), and 1 patient, 
respectively. The coupling interval of the final ven- 
tricular tachycardia correlated inversely with the 
initial frequency of ventricular tachycardia (p 
<0.05). For patients with tachyarrhythmic death, 
an increase of heart rate within the last 3 hours 
was noted (83 vs 89 beats/min, p <0.05). Ventric- 
ular premature complexes and the proportion of 
patients with >2 couplets and >2 triplets increased 
significantly only within the last hour before death. 
The R-on-T phenomenon was observed in 12 pa- 
tients (20%), 10 of whom died from tachyarrhyth- 
mia. In 6 cases, the arrhythmia was initiated by the 
R-on-T phenomenon (p <0.01). Thus, monomor- 
phic ventricular tachycardia was the arrhythmia 
most frequently associated with sudden cardiac 
death. Increase in heart rate before death was 
small and clinically insignificant. Increase in com- 
plex ectopy was noted only within the last hour. 
Patients with monomorphic ventricular tachycar- 
dia lasting longer than polymorphic tachycardia or 
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torsades de pointes (165 vs 24 or 19 seconds, re- 
spectively) have the best chance of successful re- 
suscitation. 

(Am J Cardiol 1991;67:381-386) 


diac death are rarely recorded on Holter moni- 

tor. Recently, several reports appeared on series, 
generally small, of patients who died while wearing a 
Holter monitor. However, whether sudden death in 
these patients is preceded by typical “warning” arrhyth- 
mias that might identify a patient as being in imminent 
danger remains unclear. Whereas some studies claim 
that sudden death is preceded by warning arrhyth- 
mias,'~* others strictly deny this.>° To settle this issue, 
the recordings of 61 patients with sudden death were 
analyzed. 


TA he terminal electrical events leading to sudden car- 


METHODS 

Patient group: Seventy-two tapes with recordings of 
sudden death were collected from 1985 to 1988. How- 
ever, not all of them fulfilled the criteria for inclusion in 
the study. Sudden cardiac death was defined as natural, 
unexpected death due to cardiac causes within 1 hour of 
the onset of acute symptoms, with or without preexist- 
ing cardiac disease.” Patients with New York Heart As- 
sociation class IV heart failure, with evident pulmonary 
embolism, cardiac tamponade or heart failure after ac- 
cident were not included in the study, nor were patients 
with unstable angina or myocardial infarction within 
the last 3 weeks. Two tapes with insufficient recording 
quality (i.e., >20% artifacts) were rejected. 

Ambulatory electrocardiographic analysis: The fi- 
nal 61 tapes were analyzed by means of the Reynolds 
Pathfinder® III system. First, a complete—if possible— 
2-channel documentation at a speed of 3 to 5 mm/s was 
printed. Lethal and any questionable arrhythmias were 
printed at a speed of 25 mm/s. The complete printout 
was visually analyzed 3 times for rate, rhythm, frequen- 
cy, complexity and duration of ventricular ectopic activ- 
ity (ventricular premature complexes, pairs, nonsus- 
tained ventricular tachycardia [3 to 5 beats, >5 beats 
but <30 seconds] and sustained ventricular tachycardia 
[>30 seconds]). The type of final tachycardia (mono- , 
polymorphic, torsades de pointes) was classified.’ Its 
duration was measured from the initiating ectopic beat 
to the moment of degenerating into ventricular fibrilla- 
tion characterized by grossly irregular rhythm with 
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mre patient witty i; 1 conhictag atrial flutter is.not listed separately. 
ercentages are related to the rumber of patients whose characteristics were known. 
alues are mean + standard dewation. 





ddline auans and a frequency >400 per minute. 
rimary ventricular fibrillation was defined as ventricu- 
ar fibrillation without previous bradyarrhythmia or 
ntricular tachycardia’ (Figure 1). Bradyarrhythmic 
rest was assumed in the absence of normal function of 
us node or atrioventricular junction, or both, and fail- 
of normal subordinate activity to assume pacemak- 
; function.’ In an extra run, ST-segment changes 
2 mV and lasting >2 minutes and R-on-T phenome- 
na were identified visually. All lethal arrhythmias were 
analyzed separately by 2 of the authors. If mutual 
agreement could not be reached, a third cardiologist 
was consulted. 

a Analysis of data: Clinical data on invasive and non- 
invasive procedures, occupation at the time of death, 
medication and autopsy were incomplete in some pa- 
tients. Thus, percentages are related to the number of 
patients whose characteristics were complete (Table I). 
_ The time before death was analyzed i in 1-hour inter- 
vals. The last hour was divided into six 10-minute inter- 
vals. Because of unequal numbers of monitored hours, 
othe corresponding hours before death were superim- 
posed and the data averaged. Thus, from the 24th hour 
to the last hour, an increasing number of patients were 
included} in the analysis (e.g, 242 patients in the last 6 
hours). 

a Data : are. given as mean + standard deviation or me- 
dian tor nonparemien distribution. Normally distribut- 
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VD = aortic valve disease; CAU = coronary artery disease; CMP = cardiomyopathy: Mono. = monomorphic. NYHA = New York Heart Association: Poly: = = polymeric ScD = =. : 
den. cardiac death; torsades = torsades de pointes; VF = ventricular fibrillation; VT = ventricular tachycardia. aT 
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ed data were compared by means of Student’s t test, 
and abnormally distributed data by means of the U test. 
Comparison of 22 incidences was made by multifield — 
chi-square analysis. With 2-tailed testing, statistical sig- 
nificance was established at a HP. value <0. 05. j 









RESULTS 


64 years, p <0. In i1 a ‘exact veal diagr 
sis remained unknown. At least 38 patients had co 
nary artery disease, 4 had dilated and 1 hypertrophi 
cardiomyopathy, 7 had aortic valve disease {2 had pure. 
stenosis, 1 a prosthetic valve, 3 had stenosis and. regurgi a 
tation, 1 had pure regurgitation). A history of synco- g 
pe was found more often in bradyarrhythmic than in _ 
tachyarrhythmic patients (75 vs 39%, p <0.05). Mean > 
functional class was 2.5 + 0.7 with no significant differ- 
ence between the subgroups. Seventy-three percent of | 
the patients with known history were sleeping or at rest 
when they died (Table I). 7 
In 47 patients, drug history was available; however, — 
among the bradyarrhythmic patients, 5 histories were — 
incomplete. In the. Ruyer omie group, 75% S 









FIGURE 1. prei ieser fibrillation 
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iënts had received digitalis, with no difference between 













n IL 4 class IH and 6 class Iv antiarrhythmic drugs). 
ur were receiving 2 different agents. It is noteworthy 
255% of the bradyarrhythmic deaths. may have 











-be resuscitated (Table I). 

a ‘Rhythm: Permanent or intermittent atrial fibrilla- 
‘tion was found in 21 patients (34%), with no significant 
difference between the brady- and tachyarrhythmic pa- 
‘tients (45 vs 32%, difference not. significant; Table IN). 





end of recording in 86% of these patients, - 







arrest in 7 patients. Four of 11 patients. (36%) com- 
‘pared. to 6 of 50 patients (12%) i in the tachyarrhythmic 
a group exhibited miatea ST elevation i in 1 the. minutes 


— the median increased from 60 to 196 beats per hour 
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“AF = atrial fibrillation; BBB = bundie branch biock: nVT = “nonsustained: ventricular tachycardia; SR = sinus rhythm: VPB = ventricular premature beats; other abbreviations: 


E death p <0. 0.05). ‘Bradyarchythaie patties 
- less: repetitive ventricular ectopic activity compat 
_. tachyarrhythmic patients (p <0.01; Table II). Lik 


he subgroups. At least 30 Patients, were receiving anti- 


elated to antiarrhythmic therapy: 2 patients were | 
eceiving 6 blockers, 2 patients class. HI agents, and 2- 
patients calcium antagonists. All bradyarrhyt hmic pa- 


: mia, monomorphic ventricular tachycardia was found in 
: tients died; 26% of the tachyarrhythmic patients could- 


26 (43%), polymorphic tachycardia in 15 (25%), te 
sades de pointes in 5 (8%), primary ventricular fibrilla- 
tion in 3 patients. (5%) and atrial flutter with a freque 


-valve disease died a tachyarrhythmic death. Increas 
Intermittent atrial fibrillation became permanent at the 


=o Bradycardiac arrest: Bradyarrhythmic arrest was 
-eomplete atrioventricular block with slow fascicular or 
~.- jdioventricular rhythm in 4 patients and sudden asystole 


ventricular tachycardia in the hours before death, cor 


premature beats did not change within the last 6 hours 
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the median of ventricular premature beats was. 
than that of tachyarrhythmic p patients. Within the 
hour, heart rate decreased from 97 to 77 beats/r min f 
<0.01; Figure 2). A 

Tachyarrhythmic arrest: As the final tachyarrhyt 


















cy of 170 beats/min in 1 patient (Tables I and II). / 
patients ` with cardiomyopathy ; and 6 patients with aort 














ectopic activity was found in tachyarrhythmic patien 
31 patients (62%) exhibited. triplets and nonsustained 





pared to 27% of bradyarrhythmic patients (p <0.01). 
Only 6 patients had no repetitive ventricular ectopic ac- 
tivity in the hours before. death. — 

Vent: arrhythmias: The median of vena 








before death, except for the last hour: During this hour, 





(Figure. 2), and the proportion, of patients with Pa | 
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e same was found for. repetitive ectopic ven- 
tivity: Whereas during the first 4 hours (6 to 
> death the proportion of patients with a higher 
nce of couplets and triplets (nonsustained ventric- 
tachycardia) remained constant, the proportion of 
nts with 23 triplets per hour increased up to 42% 
g the last hour (p <0.05; Figures 4 and 5). 
establish more specific criteria with which to 
ify patients prone to tachyarrhythmic death, the 
dings were analyzed for each of the following crite- 
occurrence of >3 triplets (nonsustained tachy- 
dia) in any l hour before death; (2) occurrence of 
riplets (nonsustained tachycardia) in any 1 hour; 
ence of at least 1 episode of nonsustained ven- 
ar tachycardia with >10 consecutive ectopic beats. 
these criteria, (1) 40%, (2) 26% and (3) 18% of 
ents could be identified in the hours before death 
1 bradyarrhythmic patient. Also, using these cri- 
, 30, 20 and 12% of the patients could have been 
ed within the last 10 minutes. 
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3 sone was Sd (83 vs ; 89 äts / mi 
2). This increase could not be dem 
tachyarrhythmic subgroups: Patients with polymorphic 
tachycardias or torsades de pointes showed no signif 
cant change in heart rate. Only 6 tachyarrhythmic pa- 
tients exhibited significant ST-segment . changes. The- 
rate-corrected QT duration before death was increased — 
only in patients with torsades de pointes (Table II). 

Ventricular tachycardia: The mean initial rate of : 
ventricular tachycardia was 246 + 66 beats/r min, with- 
the highest rate of 268 + 70 beats/min among patients _ 
with polymorphic tachycardia (difference not signifi- — 
cant). Patients with monomorphic tachycardia had the ~ 
longest duration of degenerating into ventricular fibril- _ 
lation compared to patients with polymorphic ventricu- 
lar tachycardia and patients with torsades de pointes — 
(median 165 vs 24 and 19 seconds, respectively; Table — 
II). Because minimal cardiac output is maintained dur- - 
ing ventricular tachycardia, patients with long-lasting — 
tachycardia had the best chances of successful resusci- 
tation. Thus, in 14 patients with monomorphic tachy- 
cardia, resuscitation was successful in 50%, whereas ite- 
was successful in only 30% of patients § witk polyinigrphig 
tachycardia. 

Coupling interval and R-on-T yhenom n a 
hours before death, the R-on-T phenomenon was ob- $ 
served in 12 patients (20%), 10 of whom died from 
tachyarrhythmia. In 13 patients. (26% of the tachyar- 3 
rhythmic patients), the lethal tachyarrhythmia was ini- _ 
tiated by an R-on-T ectopic beat (Table II). Six of these — 
had already exhibited R-on-T ectopic beats in the hours 
before death. Thus, the proportion of patients with R- 
on-T phenomenon before death was higher among pa- — 
tients whose final arrhythmia was initiated by R-on-T — 
than among patients whose final arrhythmia had a long- . 
er coupling interval (p <0.05). | 

Figure 6 shows the inverse correlation between the- 
final coupling interval and the initial rate of tachycardia 
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its. (p <0. 05). Of the remaining 6 patients, 3 
om primary ventricular fibrillation. In 3 patients, 
coupling interval could not be exactly determined 
ause of artifacts. 





DISCUSSION 

This second largest series of patients with sudden 
death during Holter monitoring—the largest series, of 
69 patients, was compiled by Leclercq et al!0—demon- 
strates that monomorphic ventricular tachycardia is the 






iac death (43%; Leclercq et al, 32%). It persists. longer 
an- polymorphic ventricular tachycardia _ (25%; Le- 
req et al, 16%) or torsades de pointes (8%; Leclercq 









on, thus resulting in a better chance of resuscitation. 
radyarrhythmic death (18%; Leclercq et al, 22%) was 
found i in older patients and is associated with a worse 
prognosis. Antiarrhythmic (64%) and digitalis therapy 
| ) were similarly distributed among all tachyar- 
ic subgroups and comparable to Leclercq et al’s 
‘(antiarrhythmics, 57%). However, all 6 bradyar- 
rhythmic patients whose drug histories were known had 
been treated for tachyarrhythmias, compared to only 
` 62% of tachyarrhythmic patients who received antiar- 
D -rhythmic drugs (Table I). Whether these. bradyarrhyth- 
<- -mie patients died because of antiarrhythmic treatment 
-remains unclear. 
Heart rate: Heart rate remained unchanged until 
-5 the last premortal hour, and mean increase was <10 
-> beats/min within the last hour. In light of the physio- 
_ ¿logic variance of heart rate, this change is too small for 
-= clinical decision-making. In bradyarrhythmic patients, 
¿< change in heart rate was more pronounced and may 
therefore be of greater clinical relevance: Within the 
last hour, mean decrease was >20 beats/min. Leclercq 
al! found a comparable increase of heart rate, from 
- 83 to 90 beats/min, in tachyarrhythmic patients within 
_. the last hour. However, Kempf et al! stated that there 
=- was a 220% increase in heart rate in 11 of 20 tachyar- 
rhythmic patients within the last hour. Other authors 
reporting smaller series could not demonstrate a pre- 
Ey “mortal change in heart rate.*® ` 
“Warning arrhythmias”: A significant increase. in 
ventricular ectopic activity (premature beats, >2 cou- 
plets/hour, >2 triplets/hour) could only be demon- 
strated in tachyarrhythmic patients during the last 
The clinical value of this observation remains 
onable: A 100 to 200% i increase of. repetitive ec- 




















| The documented arrhythmia profile is also 

| patients with dilated cardiomyopathy who are 
indidates for imminent sudden death.!? Missing 
ive ventricular activity does not exclude sudden 
: mor in the e group ae 





urrhythmia most frequently associated with sudden car- 


al, 17%) before degenerating into ventricular fibrilla- _ 
ever, ST changes were not mentioned in several of 


_ study confirmed that a final tachycardia i is more likel: 
tobe initiated by an R-on-T ectopic beat, if this ectopi 


published,?*'4!5 but only 2 studies included a relativel; 


in detail by Kempf,' Leclercq,!° and their co-workers 


group. Because of arrhythmic problems, their physi- 


_ ease or to those with cardiac disease who are not wear 


the tapes and histories of their patients: D. Andresen, 









sae could | be identified the present study : 
this study confirms the findings of- previous investi 
tors!-4 that ventricular ectopic activity increases to v 
arrhythmic death. However, the instantaneous Progn 
tic value of this increase is limited. 5 
ST changes and R-on-T phenomena: Premorta 
segment changes >0.2 mV and lasting >2 min 
could be identified. clearly in 10 patients (16%), v 
a higher incidence in patients with bradyarrhyt 
death (Table II). However, Holter monitoring ha: 
tain limitations in recording ST-segment change 
Thus, it must be anticipated that the incidence of is 
emia as a trigger of lethal arrhythmias is probably high 
er than found in this study. In a recent review, 
changes were reported in 12 to 26% of all patients; he 

















































reports.'4 The importance of the R-on-T phenomenot 
still debatable: Whereas some authors”*!5 found a 
incidence of i initiating R-on-T ectopic beats, others de 
any prognostic relevance of the R-on-T phenomenon 
One problem of the R-on-T ectopic beat is the anal} 
of tapes: It must be performed visually; this was not 
done in most studies. The present, visually controle 





















beat is also found in the hours before death. : 

_ Other studies: Until now, about 250 cases of suddei 
cardiac death during Holter monitoring have been. re 
ported. Numerous studies of 6 to 15 patients have beer 


larger series, of 27 and 69 patients, respectively. =! In a. 
recent survey, Bayes de Luna et al'4 reviewed the re- 
ports of 157 patients, whose data are in good agreement _ 


_with those of the present study. Reliable conclusions can 


only be drawn from samples of reasonable size. The _ 


main reason for the many conflicting results in the dif- - 






ferent studies is the small number of patients. The ques- 
tion of warning arrhythmias, however, is not answered 


because their Eee data were not superimposed con- 
tinuously. E 

Study limitations: The selene in this series, who _ 
had histories of syncope and received digitalis, diuretic z 
and antiarrhythmic drugs, comprise a highly select — 










cians ordered Holter recordings. Thus, the present data- 
cannot be transferred to patients without cardiac dis 


ing Holter recorders when they die. 
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"Y he efficacy of the automatic implantable 
ff verter defibrillator (AICD) for the manage 
of malignant ventricular tachyarrhythmi: 
now well established.’ ' A number of surgical approacl 
have been described. for the implantation of the le 
system: median ‘sternotomy,2 left thoracotomy,* sub 
phoid,* left subcostal’ and subcutaneously.* We use t 
left. subcostal approach exclusively, unless contrain 
cated, as in the presence of- intraabdominal infecti 
Also, when concomitant coronary artery bypass or valve 
surgery is planned, a median. sternotomy is used. This _ 
report describes clinical results in 48 consecutive pa- 
tients undergoing implantation. of the AICD via the left 
subcostal approach who were followed for up to 6 years. 








‘Patients: All patients had a history of jokiai ca 
diac arrest or ventricular tachycardia /fibrillation not: 
lated to acute myocardial infarction. Patients not in 
ible in the electrophysiology laboratory or inducibl 
refractory to multiple drug trials were evaluated | 
AICD implantation. To evaluate late outcome, only pa- 
tients followed for a minimum of 1 year or until death 
are reported here. 

Baseline electrophysiologic studies were performed 
without sedation and at >5 half-lives after administra- 
tion of antiarrhythmic drugs. Serial studies were per- 
formed in patients with inducible ventricular tachycar- 
dia in order to evaluate the efficacy of antiarrhythmic 
drugs. - 

Intraoperative defibrillation threshold assessment: 
Alternating current was used to induce ventricular fi- 
brillation. The pulse generator (External Cardioverter : 
Defibrillator, Cardiac Pacemakers, Inc. [CPI], St. Paul, 
Minnesota) used for defibrillation testing delivered a 
‘single monophasic truncated exponential wave form 
pulse. Defibrillation threshold, defined as the least ener- 
gy that would defibrillate the heart 15 seconds after i 
duction of ventricular fibrillation on 22 separate oce 
sions, was determined as follows: the initial defibrilla- 
tion pulse of 15 J was administered 15 seconds after 
induction of ventricular fibrillation. If cardioversion to 
sinus rhythm was not achieved, defibrillation was again 
attempted with 20 J. If persistently unsuccessful, the 
pulse amplitude was increased to 25 J and a thii | 
brillation pulse delivered. I 
sisted, subsequent shocks 
before an external 200 















f brillation per- E | : 
ere delivered 



















on produced the lowest defibrillation 
ricular fibrillation was reinduced and the 
peated, beginning with 15 J. If successful defi- 
on was noted at any level (<20 J) in either polar- 
ye first confirmed the effectiveness of this level with 
nother induction. If the initial 15-J pulse was success- 
ul, defibrillation efficacy was also assessed at progres- 
ely lower energy settings (10, 5, 3, 2 J). If defibrilla- 
vas. unsuccessful at any test, the patient was defi- 
d using the preceding energy setting. Polarity 
ersed and, after induction of ventricular fibrilla- 
brillation was attempted using the last success- 
rgy setting (that i is, the defibrillation threshold 
shed with the previous polarity). If successful, 
sively smaller energy settings were used in the 
o iguration. Reproducibility of defibrillation was 

rmed at the lowest energy setting that successfully 
ated i ventricular fibrillation. A minimal rest peri- 
4 mi inie i was s taken between successive induc- 
























abl 2 rt defibrillator iD. Se: 
5 received CPI Ventak models 1500, 1510, 1520 


eae to 5 determine which saad 


ment. Logic testing, mono 
-==> induced in 7 pati 
~ dia in 3 patient 


epicardial patch conheurations with | 
patches (CPI model L67) was used exclusivel 
epicardial screw-in leads were used for bipolar sensing . 

Surgical technique: The technique of left subcostal- 
thoracotomy for implantation of the AICD has been de- 
scribed previously.” The subcostal approach alone was — 
used in 42 patients. In 6 patients who had undergone 
previous cardiac surgery and who had unacceptable 
transventricular defibrillation thresholds {>20 J), a 
right minithoracotomy (an anterior incision made at the 
level of the right atrium through the bed of the fourth 
or fifth costal cartilage) was added to the left subcostal 
approach to access the right atrium for patch placement 
in an intrapleural extrapericardial position.’ In the first 
35 patients, both large defibrillation patches were 
placed en the left ventricle as the initial patch configu- 
ration. The final configuration was decided on the basis 
of intraoperative testing with different patch positions 
and polarities. In 6 of the 35 patients, unacceptable de- 
fibrillation thresholds (>20 J) led to the placement of | 
patch against the right atrium through a right minitho- 
racotomy. The observed improvement in defibrillation _ 
threshold in these 6 patients’ led to the routine of plac- — 
ing 1 patch as far to the right as possible to include the - 
diaphragmatic surface of the right ventricle and part of | 
the right atrium as the initial configuration in the last 
13 patients (Figure 1). 

One patch was placed intrapericardially on the dia- 
phragmatic surface of the ventricles. The other was 
placed extrapericardially in patients who had undergone 
previous cardiac surgery and intrapericardially in the 
remainder. The 2 screw-in sensing leads were placed in- 
feriorly on the right ventricular apex, with an interelec- 
trode distance of 1 cm. All defibrillator generators were 
placed posterior to the rectus muscle through the same 
subcostal incision. 

Postoperative care: After completion of the surgical - 
procedure, the AICD was activated. All patients were- 
transferred to the intensive care unit from the operating — 
room. After 24 hours of observation they were trans- 
ferred to the floor, unless hemodynamic or ventilatory 
parameters precluded this. : 

Statistical analysis: Data are presented as mean 2» : 
standard deviation. The paired t test was used for intra- 
group comparisons; the unpaired ¢ test was used for in- 
tergroup comparisons. A p value <0.05 was considered 
statistically significant. 












RESULTS 

Patient characteristics: The mean (+ standard devi- 
ation) age of the 48 patients (32 men, 16 women) was 
58 + 12 years (range 28 to 75). The ejection fraction 
ranged from 12 to 80% (mean 33 + 16%). Twenty-two 
patients presented clinically with nonfatal cardiac ar- 
rest, and 26 patients had ventricular tachycardia with 
associated syncope. Coronary artery disease was docu- . 
mented in 30 patients, whereas 8 patients had nonisch- 
emic cardiomyopa e electro] 









ight patients tenan nónindùcibie after up to 
timuli, 4 drive cycle lengths and 2 right ventric- 
tes were used. Left ventricular stimulation was 
tempted. Preoperatively inducible patients under- 
a mean of 3 (range 0 to 7) antiarrhythmic drug 


perative data: Satisfactory defibrillation thresholds 
obtained in 6 patients with initial thresholds >30 J 
after a right minithoracotomy had been performed 
der to position 1 patch against the right atrium.’ 
procedure reduced defibrillation thresholds to a 
1 of 20.8 + 3.8 J (p <0.05). The mean defibrilla- 


threshold in the overall patient population was 13.8 


tients who had received amiodarone before sur- 
y (n = 20) had significantly higher thresholds than 


ose who did not (16.0 + 6.0 vs. 12.2 + 6.6, p <0.05) 


Figure 2). Patients who had previous coronary artery 


_ bypass surgery (n = 14) also had higher thresholds than 
_ those who had not (18.6 + 6.0 vs 11.8 + 5.8, p <0.01) 
Figure 3). Two patients died perioperatively: ‘1 from an 

ite myocardial infarction 2 days after surgery and 

k another from incessant ventricular tachycardia that led 
< to cardiogenic shock on the day after surgery. The 
' ICD was not activated in the latter patient. One pa- 


Amiodarone 


No Amiodarone 


tient developed a en pėricardi 
which was explored and evacuated without del 


Follow-up: The patients were followed for a m 
27 + 16 months (range 0 to 69). No atrial dysrh 
mias occurred intraoperatively or were documented d 
ing subsequent follow-up. Fourteen patients had 15. gen- 
erator replacements at an average of 21 + 8 month 
Survival analysis by the Kaplan-Meier method reveal 
an overall patient survival at 1 year of 0.88 and at 
years of 0.58. However, freedom from arrhythmic death 
was 1.0 at | year and 0.97 at 5 years (Figure 4). Of the 
11 late deaths in this. series, 5 were from progressis 
heart failure, 2 were from cerebrovascular accident 
was from leukemia and 1 followed heart transplanta 
and rejection. Two deaths were sudden and pres 
arrhythmic. In 1 of these patients, the device sense 


-propriately and delivered serial shocks but presum 
failed to convert the rhythm. The other patient’s | 


was explanted 3 years before his death. He refused 
implantation. From the point of view of survival ana $ 
sis, data in relation to this patient were censored at the 
time of explantation. Defibrillators discharged appropri- 
ately in 25 patients at a mean of 14 + 20 times (range 1 
to 93). One patient died from. progressive heart failure 3 
months after surgery. With the exception of this patier 
and the 2 perioperative deaths, all patients survived a 
minimum of 1 year. . 


DISCUSSION | : 

We have shown the safety and efficacy of the left 
subcostal surgical approach in 48 patients undergoing. 
AICD implantation for nonfatal cardiac arrest or ven- 
tricular tachycardia refractory to drug therapy. The op- 
eration was performed with minimal morbidity and 
mortality attributable to the technique. In addition - 
postoperative convalescence was rapid, generally allow- 
ing discharge from the intensive care setting within 24 
hours. However, in 6 patients, manipulation of patch 
positions through the subcostal incision failed to pro- 
duce a satisfactory defibrillation threshold. All 6 had- 


had previous cardiac surgery. We performed a- right E 


minithoracotomy in them to allow placement of 1 patch 


Freedom from Sudden Cardiac Death 


Overall Survival ` 





Ji kt s al appe ANO With the devel- 
l fof the eA CD, we Baxe a modine the | 


L aae 
here have been conflicting reports on the fuende 
operative amiodarone on intraoperative thresh- 
10 We observed in the present study that patients 
miodarone have im general had higher defibrillation 
holds than the rest of the patient population. Pa- 
s who had. previous cardiac surgery also had higher 
rillation thresholds. 
ong-term — follow-up reveals satisfactory device 
tion. Chronic defibrillation thresholds determined 
time of generator replacement were <20 J in the 
ts. undergoing replacement. Overall survival and 
‘rm freedom from arrhythmic death was similar 
at reported using alternative surgical techniques. 


“tion of this manuscript. 
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sures are important determinants of circulating 
arditis or cardiac transplantation affect the ANF level unaffected by inflammation in patier nts 
relation between plasma immunoreactive atrial na- with cardiomyopathy. Factors other than filling 
triuretic factor (ANF) and cardiac filling. pressures, pressures. influence circulating ANF ina significa 
right atrial plasma ANF concentration, pi uulmonary number of patients with cardiomyopathy and in 
terial wedge pressure and right atrial pressure transplant recipients. j 

ere measured in patients with dilated cardiomy- (Am J Cardiol 1991;67:391-397 s 
opathy (n = 48), dilated cardion yopathy ‘secondary . 
to myocarditis yr 20) and d prior car > transp 


determine whether dilated cardiomyopathy, 




















































ot wedg mone! -with natriuretic, diuretic and vasod: 
es in patients with dilated d cardiomyopathy latory. properties,2-4 synthesized principally. b 
however, the presence or absence of myocarditi atrial myocardium? and released in response to atria 
did not significantly alter these relations (p = ¢ : 0. B8 distention. Ventricular synthesis of ANF has bee 
and p = 0.33 for interaction terms, respectively). demonstrated in chronically failing hearts.” In patient 
For the combined group the 'ANF-pulmonary arte- with congestive heart failure, previous studies!®-!5 hav 
ial wedge pressure relation had a slope of 8.1 pg/ reported a linear relation between circulating ANF con 
I/mm Hg (95% confidence interval (Cl), 5.4 to centration and both right- and left-sided filling. pres 
10.8; p = 0.0001) and the ANF-right atrial pres- sures, 
sure relation a slope of 13.6 pg/mi/mm Hg (CI, 8.5 Studies in murine!®!: 17 and human myocarditis!8 hay 
18.7; p = 0.0001). Receiver operator curve suggested that myocardial inflammation can stimul 
lalysis identified an optimal dividing point of ANF ANF synthesis. Whether this production occurs inde- 
1 50 pg/ml with 100% (Cl, 72 to 100%) of patients pendently of loading conditions or alters circulating 
i with right atrial pressure >8 mm Hg having ANF ANF level has not been determined. In addition to myo- 
2150 pg/ml, but only 56% (Ci, 42 to 69%) with carditis, the effect of inflammation due to cardiac trans - 
ssure <8 mm Hg having ANF <150 pg/ml. Un- plant graft rejection on ANF-filling pressure relations — 
like the Lexa with — pat hy q has not been studied. In fact, whether transplantation 
itn "i itself alters this relation remains controversial, sii 
la limited human studies have reported a correlation 
T konary arterial serge pressure pe 0.50) _ tween filling pressures and ANF concentration! 
£ M aiai pressure (p = 0.29) despite similarly however, animal models of denervation have found it 
ate itrations (mean + standard de- be abolished.2!:22. 
M, transplant patients ver- We wished to identify influences of myoca 
185 (1 14) pg/mi in cardiomyopathy patients). = inflammation or cardiac transplantation on a linea 
ncluded that left and right intracardiac pres- ANF-filling pressure relation. In the present study, we 
iE - l measured right atrial plasma ANF level at the time ol 
Dision of Cardiology and Endocrinology and Metabolism, right heart hemodynamic assessment and endomyoca r 


tof Medicine and Division of Biostatistics, ‘Department of — dial biopsy i in a large group (n= 102) of patients with 
The Johns Hopkins University School of. Medicine, Balti- 


dana. Tos study wea tuppaa br Sho Ten Read dilated cardiomyopathy or postcardiac transplantation 
nt, 9T35-HLO7606 from the National Institutes of 
ja, Maryland ar ‘om the Amet METHODS | ae 


A trial natriuretic factor (ANF) is a peptide hor c 


















































































































low-up assessment of rate section. 
patie nts were not approached for entry 
dy because of the unavailability of personnel. 
aticnts were. evaluated with a complete history and 
cal examination, echocardiography, right heart he- 
dynamic assessment and right ventricular endomyo- 
dial biopsy, and entered the study after providing 
srmed consent in accordance with institutional guide- 
s for human investigation. Right-sided cardiac cath- 
tization was performed soon after presentation of 
nts whether or not symptomatic improvement had 
‘maximized. All patients with cardiomyopathy 
re receiving diuretics and the majority angiotensin 
rting-enzyme inhibitors. 

chocardiography was used as a screen for dilated 
diomyopathy using end-diastolic dimension >6.0 cm 
i estimated ejection fraction <40% as entry crite- 
a.23.24 Bight of the 82 patients failed to meet this crite- 
ja and were excluded from analysis. The degree of sys- 
olic dysfunction was quantitated from the left ventricu- 
ar ‘stroke work and cardiac indexes determined at the 
e of right-sided cardiac catheterization. An addition- 
6 patients were excluded because of the presence of 
eft ventricular aneurysm (n = 2), cardiac amyloidosis 
= 2), cardiac histiocytosis X (n = 1) or congenital 
irt disease (n = 1). 

Right-sided cardiac catheterization and biopsy: Pa- 
ients fasted overnight and underwent biopsy between 8 
and 12 am. without premedication. A self-sealing percu- 
‘taneous catheter sheath was placed into the internal 
jugular vein using 1% xylocaine for local anesthesia. A 
-10-ml sample of blood for ANF determination was 
-drawn immediately through a triple-lumen catheter 
¿placed in the right atrium. Endomyocardial right ven- 
-tricular biopsies were performed with standard tech- 
ique using the Stanford-Caves bioptome. Pressure 
measurements were obtained with the triple lumen 
-catheter in the right atrial, right ventricular, pulmonary 
-arterial and pulmonary arterial wedge positions. Cardi- 
` ac outputs were determined in triplicate using the ther- 
~modilution technique with <10% variability between 
< measurements. Left ventricular stroke work index was 
“calculated from the formula (cardiac index/heart rate) 
oX (mean arterial pressure — pulmonary arterial end- 
diastolic pressure) X 13.6. 

| Histologic diagnosis: Four to 6 right ventricular bi- 
sy specimens were obtained from each patient, sec- 
tioned into 2 to 4 pieces and fixed by immediate immer- 
sion in 10% formalin. Each specimen was paraffin-em- 
bedded, sectioned, stained with hematoxylin and eosin, 
and examined at a minimum of 4 levels. The following 
-variables were quantitated: number of foci of myocyte 
- necrosis; the amount, distribution and cellular composi- 
-tion of any inflammatory infiltrate; the extent and dis- 
tribution (replacement or interstitial) of fibrosis; and 
e: presence o or absence of significant myocardial cell 
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tion without scien necrosis. Biop: 
tients with dilated cardiomyopathy (wit 


ao : i ‘Althor ush the di distri 













tis) had evidence of myocardial cell hypertre 
varying degrees of interstitial fibrosis.2> The degree 
cardiac transplant rejection was determined from endc 
myocardial biopsy specimens using the Billingham cri 
teria.” The influence of myocardial inflammation o 
the ANF-atrial pressure relations was assessed using — 
the combined group of patients with myocarditis and = 
borderline myocarditis and then by excluding the pa- o 
tients with borderline myocarditis. = 

Plasma atrial natriuretic factor radioimmunoassay: _ 
Blood samples were collected in tubes containing 1.5 — 
mg/ml ethylene diaminetetraacetic acid and 20 ug of 
aprotinin (Sigma Chemical Co., St. Louis, Missouri) 
and promptly centrifuged (2,000 g for 15 minutes). 
Plasma was separated, immediately frozen and stored at 
—70°C. ANF was extracted from plasma samples using ~ 
preactivated C18 octadecyl silica cartridges (Sep Pak — 
C18, Waters Associates, Milford, Massachusetts), re- — 
constituted and processed in duplicate with a human 
ANF radioimmunoassay kit (Peninsula Laboratories, . 
Bemont, California), which used a polyclonal rabbit - 
antisera raised against human a ANF (1-28). ‘The in- 
tra- and interassay coefficients of variation were 10 and — 
27%, respectively, and the assay detection limit was 4 
pg/tube.”* : 

Statistical methods: Linear regression coefficients . 
and 95% confidence intervals were calculated for ANF- _ 
filling pressure relations. Comparisons between ANF- 
atrial pressure relations for patients with dilated car- 
diomyopathy with and without myocarditis were per- 
formed using multiple linear regression with an interac- 
tion term for patient diagnosis. Statistical calculations- 
were done on an Apple Macintosh computer, using | 
Statview 512+ software. Binomial confidence intervals 
were based on tables using exact calculations.”’ 







RESULTS Le 
Patients: Of the 68 patients in the Stats 
study, 15 (22%) had myocarditis, 5 (7%) had borderline 
myocarditis, and 48 (71%) had dilated cardiomyopathy — 
without. myocarditis. The incidence of myocarditis in- 
the total patient population (n = 82) was 24%. Patients 
with dilated cardiomyopathy with and without myocar- — 
ditis had similar degrees of heart failure both at presen- 
tation and at time of biopsy and of left ventricular dys- 
function demonstrated by depressed cardiac and left | 
ventricular stroke work indexes (Table I). Age and gen- 
der distributions, mean hemodynamic data and ANF 
concentrations are provided in Table I. 
impact of myocarditis on- atrial natriuretic factor- 
filling pressure relations: Figures | and 2 are plots of 
right atrial plasma ANF concentration versus pulmo- 
nary arterial wedge and right atrial pressures, respec- 
tively, in patients with dilated cardiomyopathy with and. 
without myocarditis. The myocarditis group included 
wr with bord irditis. From the data in. 
ures, tions were derived be- 
al pressure (Table ID. 
monary arterial wedge 
























comparable Between patienis with and 


yocarditis (Figure 1), only 1 patient with- 


ditis had a right atrial pressure 28 mm Hg 

re 2). This patient’s biopsy specimen contained 
myocyte necrosis. Over the range of right atrial pressure 
mm Hg, the distribution of pressure was compara- 
ble for patients with and without myocarditis. Linear 


gression calculations were- performed excluding an Men/women 2/19 12/8 


outlier point with a highly elevated wedge pressure, | 


ht atrial pressure and ANF that could inflate the ap- 
ent strength of the relations (Figures. 1 and 74 


Multiple linear regression calculations were per- 
ed to test for an independent influence of myocar- — 
yn ANF-atrial pressure relations. For both pulmo- | 

' arterial wedge pressure (p = 0. 88) and right atrial 
essure (p = 0.33, restricted to <8 mm Hg), myocar- 


had no significant effect on. these: relations. The = ~ association classification; PAWP = = pulmonary arterial wedge pressure: RAP = + 


alysis for the right atrial- pressure. relation was per- A: atrial pressures LYS, a left ventricular ii work index (normal-range 50 to) 


rmed excluding patients with j pressure =8 mm Hg be- 


there was only one patient with myocarditis in 


ngé, providing inadequate information to justify 


lation of the comparison in that 1 region.. Statisti- 


cal testing performed excluding the 5 patients with 
borderline myocarditis also failed to demonstrate an al- 


eration in ANF-cardiac filling. pressure. relations. at- 
able to myocarditis O a 87 and ae = 0. 47 for 


400 4} 


| Atrial 
ae Natriuretic 
| “Factor 


Oym) 3004 


TABLE! Patient it hemodmamie Data and Atri a 
Factor Concentrations Pe 


Dilated Cardiomyopathy E 


Without With- 
Myocarditis Myocarditis 
No. of patients 48 2 
. Age tyear) < CaA oo 3913) 


NYHA (presentation): 3.30.6) 3.30.8) 
NYHA (biopsy) © 26(0.6) 2.20.7) 


ORAP (mmHo = O 563 3688) 


PAWP (mm A o IRBS i002 
O ANF(pg/miy 0 eo a 157117) 
< Cl iter /min/ Hees 2.30.6) = 26 (0. 6) 


| LvSWi em /m?) 30023 -33 (14) 


All data expressed as mean £ Honda’ Geviation. ee 
_. ANF = atrial natriuretic. factor: Cl = cardiac | index: NYHA = New York | 


g uiua 


interaction. terms for weige pressure. and iets atr 
pressure relations, respectively). This lack of influen 
- permitted pooling of the data, and the results of indivi i 
ual and pooled linéar ı regression analyses are provided 
Table II. The regression slope for patients with ri 


atrial pon <8 mm Hgs was higher than that deriv 


















nary arterial wedge: and right atrial pressures. 
re tions asin Table |. , 


r the entire patients group, although this was not sig- 
ficant as the 95% confidence intervals had substantial 
rlap. — S n 
From the éoinbin 4 dilated cardiomyopathy data (n 
68), which represents the largest series to date, we 
ght to identify variation from a linear model of the 
la AN oad and atrial pressures. Figures | 
d 2. patients with elevated left or right 
nae pressures ha lan ANF level 2150 pg/ml, where- 
; those with pe ns in the normal range had wide 










700- 


n=25 n=i1 


tp = 6 56 r ae vegression peer of independent influence of myocarditis. Regressions calculated orca ari: outlier. with na a dlevated ed sai atrareie Ge 


<15 mm Hg and 56% with right atrial pressure <8 mi 
Hg had ANF <150 pe/ ml (Table III). Thus, a signifi- — 
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variation in ANF concentration. Thus, most of the i in- e 
formation in the regression was captured by knowledge ae 
of whether the ANF was = or <150 pg/ml. A receiver- 
operating curve confirmed this cutoff as an optimal di- 
viding point. Ninety-two percent of patients with ele 

ed pulmonary arterial wedge pressure 00% 
high right atrial pressure had ANF- 0 pg, 
whereas only 68% of patients with a we dge pressur 











FIGURE 2. Piot of atrial natri- : go 


cia a statistically significant s with ee ada 


o ures ANF and ap ht and. deft heart a 


og or ade: n fy pei this ‘elation. 
Studies in a murine myocarditis model have suggest- 
nat inflammatory foci might stimulate ventricular 


iD F synthesis. 16.17 Tn contrast, immunohistochemical 


: "Natriuretic 
Factor 20] 
Vm) 


TABLE Ni m Eleväted Atrial Natriure 
Predictor of High Filling Pressures 


Right Atrial Pressure Er 


Sensitivity (n/n)* 100% (11 ras a 

95% Cl 72% to. 100%. 

Specificity (n / ny" -.  56%:32 7 57) | 
: 95% CI Ea 4 % to € 69% 


Calculated using the joliowi r cutoffs: right atrial pressure. an mim m fig, wi 


| arterial wedge pressure 15 mn Hg, atrial natriuretic factor 150; PE, ft mi. 


Ci = confidence interval: as s number; . 


staining of human biopsy s jecimens has dene n 


fewer ANF containing ventricular myocytes in n 


ditis thani in dilated AR without my 
y; api patients with 1 ta 


4 al ‘inflammation has little toi no im spact ¢ on the n l 


culating ANF. Because the paises of ANF-ri ‘ht 
atrial pressure. relation slopes was restricted to patients 
with pressure <8 mm Hg, whether patients with myo- 


| carditis and higher 1 right. filling press ure would have di 


_of patients with myocarditis and elevated right atrial 





> to dif ‘erences in the incidence of 

ire or right ventricular compliance. 
hor patients with borderline myocarditis have 
myocarditis remains controversial. Both an au- 
study% and a follow-up biopsy study’! have shown 
significant number of patients meeting Dallas cri- 
26 for myocarditis can have ventricular biopsy spec- 
showing only borderline myocarditis. In the pres- 
udy, statistical analysis failed to demonstrate a dif- 
erence between ANF-filling pressure relations whether 
not patients with borderline myocarditis were includ- 
wo. factors reduce histologic misdiagnosis: first, 
iltiple biopsy samples per patient minimize sampling 
s. and second, biopsy samples from patients with 











ntain myocyte hypertrophy or interstitial fibrosis.25! 
‘his large group of patients with cardiomyopathy in- 
ided a significant number of patients with an elevated 
ulating ANF despite normal filling pressures. Al- 
igh high left or right intracardiac pressures can in- 
ease ANF concentrations, it appears that other fac- 
contribute to elevated ANF in some patients with 
ilated cardiomyopathy. In neonatal rat ventricles, 
\NF has been shown to be secreted in a constitutive 
ashion compared with regulated release from atrial 
toplasmic granules.3? Both constitutive and granule- 
nediated ventricular ANF secretion have been demon- 
ated in the cardiomyopathic hamster.’ In chronic 
eart disease, the degree of ventricular ANF synthesis 
may represent an independent influence on circulating 














ANF correlated with neither wedge nor right atrial 
-pressure in cardiac transplant recipients. This observa- 
‘tion is consistent with studies in the pithed rat model of 
-cardiac denervation, in which atrial stress failed to stim- 
ulate ANF release.?!2 Vasopressin has been linked to 
ANF secretion by its ability to restore atrial distention- 
nduced ANF secretion.” In cardiac transplant recipi- 
nts, vasopressin has been shown to be elevated basally 
nd have a blunted increase with volume depletion.’ 
ndividual transplant recipients have responded to acute 
ncreases in filling pressure with increases in ANF lev- 
1,4 so that differences in the ANF-release “set-point” 
mong patients may account for the lack of an observed 
correlation in a population of patients. Whereas dener- 
tion, presence of both donor and recipient atria, or 
‘bnormalities in circulating hormones, such as vasopres- 
in, are possible causes of such a reset mechanism, our 
indings suggest that the inflammation of transplant re- 

ction is not involved. Additional work, including mea- 

ement of vasopressin and other humoral factors, will 

be required to elucidate the nature of ANF intracardiac 

pressure relations in human cardiac transplant recipi- 
ents. 

<- Two earlier transplant patient studies demonstrated 

T elations between ANF and atrial filling pressures as 
as ANF levels comparable to those reported 

hough Statistically aen an i these rela- 
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12. Dietz R: 


| parisons to our findings difficul 


explain the lack of a relation between A 

filling pressures on the basis of immunosuppressiy 
cardiovascular drugs, the number of patients studies 
and the variability in regimens restrict our ability to _ 
rule out a significant drug influence. oe 

The present study was limited by being based on- 1 = 
set of hemodynamic conditions per patient and was not — 
designed to assess the relative contribution of the atria 
and the ventricles to circulating ANF levels. The source 
and impertance of elevated ANF levels in transplant re- 
cipients remain to be determined. 

We conclude that both left and right atrial filling 
pressures but not myocardial inflammation are major 
determinants of circulating immunoreactive ANF con- 
centration in some but not all cardiomyopathic patients. 
Cardiac transplant recipients, in contrast, display no as- 
sociation between filling pressures and plasma ANF lev- 
els, a finding not accounted for by myocardial inflam- 
mation secondary to graft rejection, time from trans- 
plantation or medical regimens. 
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effect of atrial pacing on cardiac performance 
assessed i in 11 men (aged 20 to 64 years) with 
nt-onset severe aortic regurgitation (AR), all of 
m had diastolic closure of the mitral valve on 
he echocardiogram. Thermodilution cardiac out- 
s iwere determined, and aortic, left ventricular 
pulmonary arterial wedge pressures recorded. 
' baseline recordings were completed, the pac- 
ate was increased by increments of 10 beats/ 
(70, 80, 90... .) to a maximal rate of 140 
s/min. The optima! pacing interval, obtained 
m hemodynamic data, was defined as that at 
which the lowest filling pressure was associated 
with the highest cardiac index. This was then com- 
red with a a interval derived from the R 
3 gram to the diastolic mi- 
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tic regurgitation (AR) are characterized by 

marked elevations in left ventricular diastolic 
pressures, which may exceed that of the left atrium and 
result in closure of the mitral valve during diastole. 5 — 
This pressure phenomenon has been correlated with the 
M-mode echocardiographic finding of diastolic closure _ 
of the mitral valve.6? It is now generally accepted that- 
this echocardiographic feature in patients with recent- 
onset AR constitutes an indication for early sur- 
gery.®:'0.1) Medical treatment has mainly been directed ` 
toward “holding” the patient hemodynamically before 
surgery. Although the medical options are limited,'? 
previous studies’ !?.'4 suggest that increasing heart rate 
by atrial pacing may have a beneficial effect on the he- 
modynamic status of these patients. It is not clear, how- 
ever, whether these effects are demonstrable in all pa- 
tients and, if so, at what range of heart rates a predict- 


T he precarious hemodynamics of acute, severe aor- 


able hemedynamic improvement might be expected, 


Based on our previous observation? that the diastolic 
closure peint of the mitral valve has a near constant 
relation te the preceding R wave of the electrocardio- 
gram, we argued that a pacing interval equal to the in- 
terval from the R wave to this closure point on the echo- _ 
cardiogram would increase the heart rate without re- 
ducing mitral inflow (Figure 1). This report describes 
the effect of atrial pacing on the hemodynamics of 11 


patients with recent-onset severe AR, all of whom dem- _ 


onstrated closure of the mitral valve in diastole. It fur- 
ther correlates the hemodynamics of the pacing interval — 
predetermined from the M-mode echocardiogram with 
the optimal pacing interval obtained from hemodynam- 
ic measurements at catheterization. 


METHODS 
Subjects: The clinical and echocardiographic find- 
ings of the 11 men, aged 20 to 64 years, with recent- 
onset severe AR are listed in Table I. The duration of 
symptoms ranged from 2 to 14 weeks. Although we | 
elected not to study patients with vegetative endocardi- 
tis because of the potential risk of embolization during - : 
catheterization, 2 patients were evaluated in whom E 
COCCUS _biridans, was cultured from the blood — 
no le vegetations on their Bertie valve. o 






a om pie ei aad were caer cary with 
90° K a scanner E — 


n ; i e valve was defined rp complete posta of the 
anterior and posterior leaflets at or before the initial in- 
neo of the oie want F 


riz tion ats which aoni 


ous aortic, left ventricular eteriza pulmon 


ge pressures were recorded. Pressures were obtained 


1 fluid-filled catheters attached to Hewlett Packard 


90A) transducers. Cardiac output was measured by 


the thermodilution method through a TFr Edwards 
Swan-Ganz catheter positioned | in the pulmonary 

A. 6Fr bipolar pacing catheter was placed in the 

t atrium for pacing. There were no complications 

ing and after cardiac catheterization in all patients. 

-Study protocol: Once baseline measurements were 

completed, atrial pacing was started. The heart 


increased by increments of 10 beats/min (70, 80, 90. 
, the lowest rate e being m faster than the baseline 


. nge in ‘heart rate, a qn stabilization period 


as s allowed before cardiac output was measured and 
pressures recorded. 
ee LE OPTIMAL PACING INTERVAL: the pacing interval at 
A hich the lowest pulmonary arterial wedge and left ven- 
tricular end-diastolic pressures were associated with the 
high hest or near-highest cardiac index. | 
_ 2, R WAVE-MITRAL CLOSURE INTERVAL: the interval be- 
e tween the peak of the R wave of the electrocardiogram 


‘and A subšéqu juent | t poi tof 


cea Saunier denoi slar dilat ation evi of the volu 
wre state in nine. H aes Sad ea The mar 


cardiographic resur in each pati of diastolic 
mitral valve, and underlined. the hemed ma 
of the AR in these a The | 


Ka]: In 5 patients: ‘oon 1, 5, 8, te ang] il, “Table et ae 
a tendency toward lower heart rates, aortic dias 
— m ai EN with left ventricular sen 
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The most favorable je hemodynamic states 
for each patient at heart rates between 110 
beats/min (mean 120 + 8). Patients 2, 5, 8 and 10 w 
lower baseline heart rates (<80 beats/min) achieved 
optimal performance at lower pacing rates (mean 115 
+ 5 beats/min). At the optimal pacing interval, the 
mean leit ventricular end-diastolic pressure decrease 
from 46 + 7 to 23 + 12 mm Hg (p <0. 001), and the 
mean pulmonary arterial wedge pressure decreased 
from 28 + 8 to 16 + 7 mm Hg (p <0.001), while: the 
cardiac index increased significantly from 2.34 + 0.4 
to 2.63 + 0.49 liters/min/m? (p <0. 01) (Figure 3, 
C). There also was a significant increase in aortic dia 
stolic pressure from 54 + 10 to 66 + 12 mm H 
<0.001) as well as an increase in the mean aortic pres 
sure from 89 + 6 to 98 + 6 mm Hg (p <0.001). A 
rates abeve the optimal pacing rate (130 to 140. bea 
min), there was a slight increase in pulmonary arteria 
wedge pressure and a nonsignificant decrease in the car 
diac index (Figure 2). A representative. example of the — 
effects of atrial pacing on aortic, left ventricular diastol- 
ic and ead arterial wedge pouei are shown i i 






















sure interval: The mean difference between the optim: 
pacing interval defined from the hemodynamic dataa 
the R wave-mitral closure interval was 18 ms and t 
standard deviation of differences was 21 ms. The dist 
bution of the differences against their mean are show: 


in Figure 5. 










DISCUSSION é 
The amount of regurgitant flow per. stroke throu 
an incompetent aortic valve is largely deten ‘mined by th 
regurgitant orifice area, the diastolic pressure ‘gradient 
between aorta and left ventricle, and the duration of 
diastole.™!5 The hemodynamic consequences of thi 
volume load is dependent not only on its: magnitude, but 
also on the rapidity with which regurgitation develops.'° 
In acute or subacute AR the ventricle operates on the _ 
less compliant portion of the pressure-volume curve; | 
consequently, a slight decrease in regurgitant volume — 
during a shortened diastole may significantly reduce the 
filling pressure. . 
Since Corrigan’® suggested that an increase in heart $ 
rate may be advantageous to patients with AR, several 
investigators'®1313-1718 have addressed. the issue and are 
in agreement about certain aspects but differ in others. 
Despite the diverse techniques used to measure regurgi- 
tant flow, most recent observations!2:'!5:!7 suggest that 
while the regurgitant volume per stroke decreases, there _ 
is little or no change in the regurgitant volume per min- 
ute or regurgitant fraction as heart rate is increased. _ 
Judge et al’? demonstrated that atrial pacing is associ 
ated with an increase in cardiac output, and.a decrease. 
in left. ventricular end-diastolic volume 
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R, 19 4 modest increase in the Heart. rate was found To circumvent the alorditientioned E a if ) 
decrease left ventricular end-diastolic pressure and homogeneous. patient. population: was selected basec 
increase cardiac output. These disparate. observations the demonstration of diastolic closure of the m 
‘may be partly explained by the variance in the cheney _ valve, the echocardiographic hallmark of hemodynz 
namic conditions of the. patients: studied. -- eally severe AR. We believed that this subset of | pati 
| - would be the most likely to benefit from a more 
rate. The shortening characteristics and the degre 
-left ventricular dilatation. apparent from the intern 
_ameters, as well as the relatively low. steady-state 
rates in most patients. (Table. D, are somewhat sur | 


| acute in ‘most ‘patients. "The sate at which the vent 
 dilates in response to a significant volume load, 
| ever, may be much more rapid than generally accep 
Inan animal model « of AR, Belenkie and Rademak 








e recording 
V) preasure in patiant 10 during airiai pacing. A 


a rapid increase in the end-diastolic and end-sys- 
liameters over a period of 80 days from the onset 
R, after which the diastolic diameters increased 
slowly. Despite not having hyperacute AR, a con- 
and profound ecrease in both left ventricular 
stolic and pulmonary arterial wedge pressures, 
r with a significant increase in the cardiac index, 
seen in all patients when there was a modest in- 
in heart rate (120 + 8 beats/min). At heart rates 
to 140 beats/min, there was a slight decrease in 
‘diac index as well as an increase in pulmonary 
wedge } pressure (Figure 2). The changes in fill- 
re i induc iced d by 1 pacing in 1 this study differ from 









| shes 2 in ce ee aie with pacing was 
ive e than some eof the other studies. 14,18 
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ward, regurgitant and net forward Howes were ss imal 
at heart rates between 80 and 120 beats/min. Although 
Firth et al” did not find any change in the pulmonary 
arterial wedge pressure at heart rates ranging from 72 | 
to 120 beats/min, an increase was observed. when pac- 
ing was continued at 140 beats/min. After prod 
acute reversible AR, Laniado et al! showed a T ductic 
in left atrial pressures at heart rates from 90 to 12¢ 
beats/min but an increase in pressure at a he irt rate of- 
150 beats/min. They defined the optimal rate as the q 
rate at which diastole could be shortened without affect- 
ing mitral flow. a 
To be more confident about the range of heart rates — 
where hemodynamic i improvement may be observed, we 
gnated rates (90 to 140 beats/min). The _ 
best hemodynamic responses to pacing were shown at. ka 
heart rates about 35 to 40 beats/min (mean 120 +8) Be 
above baseline rates, and are similar to those observed 
by other investigators. 1213 The most favorable pacing 
interval defined by the j 




























The relatively small differences between these intervals * 





wee Pi 


jo aortic regurgitation in. man 


his tudy. a airal pacing is pee in improv- 
ing the hemodynamic state of these patients, it was not 
compared to other, more conventional, forms of medical 
treatment, such as pre- and afterload reduction. A re- 
cent observation suggests that intravenous r 

ay also be effective in improving the hemodynamics of 


te AR.” The hemodynamic advantage of abbreviat- 


iastole, and thus reducing the regurgitant volume 
troke, with incremental pacing in AR, is to some 


ent negated by the concomitant increase in aortic 


ure. It would have been useful to establish whether 


increase in regurgitant gradient during atrial pacing — 


uld have been attenuated by the introduction of a pe- 


pheral vasodilator. Finally, as we did not perform | 
echocardiographic examinations during: cardiac cathe- - 


zation, we were unable to characterize the effect of 


pacing on the pressure-dimension relations of the © 


entricle in this condition, which would have shed 
some light on the effect of pacing on left. ventricular 
end-diastolic volumes and its relation to the ideal pacing 


= 9310 an EJ, Criley JM, Ross RS. Haemodynamic effects of severe 
re fu Baton. Br Heart J 1964; 26: 412-421, 


; n a Golotta SW, Hassen AZ. Inithediaté mya effects of 


nitroglycerin 


349. Belenkie 1, Rademaker A 
damage i in the intact: TE h 
: 20. Klepzig HH, Warner KG, Siouffi SY, Saad Al, ‘Hayes A, Kale 
Khuri SF. Hemodynamic effects: of nitroglycerin in an seei 


5. Schenk WG Jr, Portin BA, 

experimental acute aortic insufficien 

6. Pridie RB, Benham R, Oakley CM. Ech rdiogri ap 

aortic valve disease. Br Heart J 1971;33:296-304. . 

7. Botvinick EH, Schiller NB, Wickramasekaran R Kisiuguer 1 SË 
Echocardiographic demonstration of early mitral valve closure in. sey 
insufficiency; its clinical implications. Circulation 1975,51. 836-847. 

8. Sareli P, Klein HO, Schamroth CL, Goldman AP, Antunes MJ, 
Barlow JB. Contribution of echocardiography and immediate surge 
management of severe aortic regurgitation from infective endocardi 
Cardiol \986;57-41 3-418. 

9. Meyer TE, Sareli P, Pocock W, Dean. H, ‘Epstein M, Barlow J. Eche 
graphic and hemodynamic correlates of diastolic closure of the mitral vi 
diastolic opening of the aortic valve i in severe aortic regurgitation. Am 


 1987;59:1 144-1148.. | 
40. Morganroth J, Perloff JK, Zeldis SM, Dunkman WB. Acute sever 


regurgitation. Pathophysiology, clinical recognition, and management, Anal 


. Med 1977;,87:223-=232. 


ik. Dinuble MJ. ‘Surgery i in active e endocarditis. Ann Intern Med 1982: 96 


659. 
: 12. Judge TP, Kennedy Iw, Banat L. Wills RE, Murray JA, Black 
Quantitative of hemodynamic effects of heart rate in aortic regurgitation 


lation 1971;44:355~367.. | k 
13. Laniado S, Yellin EL, Yoran: c; Strom J, Hori M, Gabbay S, Te 
Frater RWM. Physiologic mechanisms in aortic insufficiency. 1. Th 
changing heart rate on flow dynamics. I. Determinants oe Austin Flint nul 
Circulation 1982;66:226-235. | : 
14. Bland JM, Altman DG. Statistical mii fori assessing agreement bet 


two methods of clinical measurement: Lancet 1986;1:307-310. 


15. Brawley RK, Morrow AG. Direct determinations of aortic. blood: f 
patients with aortic regurgitation. Effects of alterations in heart rate, incr 
ventricular preload-or afterload, and isoproterenol. Circulation 1967:35:3 
16, Corrigan DJ. On permanent patency of the mouth of the aorta, or jnadeg 
of the aortic valve. Edinburgh Med & Surg J. 1832;37:225-245. f 
17. Firth BG, Dehmer GJ, Nicod P, Willerson JT, Hillis LD. Effect of in 
heart rate in patients with aortic regurgitation. Effeet of incremental atria 
on scintigraphic, hemodynamic: and thermodilution measurements. Am J 
1982:49:1860-1867; > l 
18. Warner HR, Toronto AF. ‘Effect of heart rate on aortic’ insuffici 
measured by a. dye-dilution. technique. Circulation 196V19:413-417, 
cute and. chronic changes after ai 

E: Am. Physiol 1981:241:H95-H103, 


acute aortic. Fegutgitation. J Am Coll Cardiol 1989:13; 927-935. 














p o t describes the simultaneous occurrence 
al valve e proe apse rinnan and systolic anterior 


















vi , sectio 1 were ‘ast Aoao 
A ot patients with primary MVP. Clinical fea- 


rdi diac ic dimensions, and distribution of 
eu ar insa rtrophy defined in the study pa- 
deed care cape atcha 


HC may ay show as SAM into the left ventricular 
ow tract, as well as Mv this prolapse motion 





litral valve and the s small left ventricular cavity 

r ‘than to the coexistence of 2 separate dis- 

- ch patients further define the great 
thin the broad clinical spectrum 





(Am J Cardiol 1991;67:404-410) 


I rom n the = ETETEA Laboratory, National Heart, Lung, and 
Blood Institute, National Institutes of Health, Bethesda, Maryland. 
“y received . July 17, 990; revi nuscript rec 






simultan 20us Occurrence of Mitral ' Val 
: Prolapse and Systolic An 
_ Hypertrophic Cardiomyopathy 


Julio A. Panza, MD, and Barry J. Maron, MD 






erior Motion i in 









E ypertrophic cardiomyopathy (HO) is a primary 
Heie disease characterized by a broad clini- | 
cal and pathologic spectrum, including patients — 
with and without obstruction to left ventricular out-. 
flow.'-3 Although the mitral valve is responsible for dy- oe 
namic subaortic obstruction by virtue of systolic anteri- 
or motion (SAM) and apposition to the ventricular sep- o 
tum,** the mitral leaflets have often been described at 
necropsy as free of intrinsic disease.” Mitral valve pro- 
lapse (MVP) is a relatively common clinical entity that 
may be a manifestation of a primary disease in. which 
there is a congenital structural abnormality of the > mi- 
tral valve,™!! or that, alternatively, can occur witha 
structurally normal valve as a consequence of other car- 
diac conditions associated with a small left ventricular — 
cavity or distorted ventricular geometry. 12-14 Th our ex- 
perience, systolic MVP is uncommon in patients with 
HC. Consequently, identification of several patients 
with HC and unique mitral valvular dynamics, involv- 
ing striking and unequivocal MVP and SAM, suggested 
the potential importance of analyzing in detail the clini- 
cal and echocardiographic features of this subgroup ofo 
patients. = 













METHODS on 
Patient selection: Between 1979 and 1988, 1,230 pa- oe 
tients with HC were studied with echocardiography in 
the National Heart, Lung, and Blood Institute. Of — 
these, 25 (2%) were included in this study because they 
met the following criteria: a distinctive pattern of systol- 
ic motion of the mitral valve on the 2-dimensional echo- 
cardiogram with marked cephalad displacement of the 
proximal portion of the valve into the left atrium. {as 
visualized in the apical or parasternal long-axis views, or 
both) and simultaneous anterior motion of the distal 
portion toward the ventricular septum. Because it has _ 
been shown that normal subjects may show mild systol- 
ic displacement of the mitral leaflets only in the apical 
4-chamber view, merely as a consequence of the geo- 
metric characteristics of the mitral valvular plane, !5 sys- 
tolic protrusion of the leaflets into the left atrium was ` 
not considered evidence of MVP unless the leaflet dis- 
placement beyond the mitral anulus was =5 mm.!> HC 
was diagnosed by echocardiographic demonstration of 
an asymmetrically hypertrophied nondilated left ven- — 
tricle in the absence of. another cardiac or systemic . 










: study patients were aged | a 
<20 years and 5 were 








0 years of age. Fifteen patients (60%) were men and 
(40%) were women. No patient had a history of in- 
sctive endocarditis or rheumatic fever, or evidence of 
rheumatic heart disease. 

‘Two-dimensional echocardiography: An Advanced 
‘echnology Laboratory Mark 500 mechanical sector 
canner with a 3-MHz transducer or a Hewlett-Packard 
Sonos 500) real-time, phased-array, 90° sector scanner 
ith a 2.5-MHz transducer was used to obtain 2-dimen- 
onal echocardiograms. Real-time studies were record- 
ced at 60 frames/s. 

_. Two-dimensional images were obtained i in a number 
-of cross-sectional planes by using standard transducer 
ositions. Magnitude of MVP was assessed by measur- 
ig the maximal distance between the plane of the mi- 
anulus and the most cephalad mitral valve echoes 
uring systole in the parasternal long-axis and apical 4- 
chamber views. Distribution of left ventricular hypertro- 
phy was assessed, as previously described,'® by an 
i ntegration of observations in multiple cross-sectional 






















ae To ‘define the sequence of events that characterized 
ei the motion of the mitral valve during systole, 3 consecu- 
tive beats of sufficient technical. quality were. selected 
-from the real-time 2-dimensional images in each patient 
) allow frame-by-frame analysis of dynamic events— 
e., onset of SAM, of mitral-septal contact or maximal 
/ \M, and of MVP beyond the mitral anular plane. 
iming was assessed by establishing the number of 
‘ames between the R wave of the electrocardiogram 
nd each valvular event. Intervals measured | in 3 cycles 
ere averaged for each patient. 
M-mode echocardiography: Mittiode. echocardio- 
grams were derived from the 2-dimensional image un- 
‘der direct anatomic visualization. Cardiac dimensions 
ere assessed according to the criteria of the American 
ociety of Echocardiography.!7 Mitral valve position in- 
dex was calculated by dividing the distance between the 
- mitral valve and the posterior free wall endocardium by 
-the distance between the mitral valve and the septal en- 
docardium.'® Left ventricular outflow tract transverse 
imension was measured as the distance between the 
ral valve and septal endocardium, at the point of 
valve leaflet closure.'* 
_ Degree of posterior mitral valve bowing was mea- 
sured during systole as the distance between the most 
osterior mitral valve echo and the hypothetical C-D 
ne.!9 Redundancy of mitral valve leaflets was assessed 
measuring the thickness of mitral valve echoes in 
astole at the midpoint of the E-F slope.” In patients 
ho had not undergone cardiac catheterization, basal 
baortic pressure gradient was estimated by the mag- 
de and duration of SAM* or by continuous-wave 
oppler ec of outflow velocities, or both. 

























pic o Tan asymmetrie pat- 


left ir free wall) i in i6 “ind diffuse 


substantial portions of both the septum and ; 
al free wall in 9. The remaining 3 patients show 
unusual patterns of hypertrophy with thickening 
terior septum and contiguous free wall (2 patie 
only anterolateral free wall (1 patient).?! Maximal 
ventricular wall thickness (usually of the anterior se 
tum) ranged from 15 to 33 mm (mean 21). 

Left ventricular end-diastolic cavity dimensions we 
28 to 50 mm (mean 38) and end-systolic dimensio 
were 12 to 35 mm (mean 20). Both were redu : 
(<95% prediction interval)** in 20 patients and no: 
in 5. In each patient, transverse outflow tract dimen 
at end diastole was reduced (range 10 to 25 mm, 
mal >30), and the mitral valve was positioned ante: 
ly within the ventricular cavity (mitral valve pos 
index 0.4 to 1.3, normal <0.3). Left atrial dimer 
was 24 to 70 mm (mean 40) and was >45 mm. 
patients. 

Mitral valve appearance and motion: Each of thé’ ; 
patients showed a distinctive mitral valvular motion pa 
tern characterized by systolic protrusion into the le 
atrium as well as by SAM into the left ventricular ou 
flow tract (Figures 1 to 5). Systolic displacement of 
portion of the valve was identified well beyond the mi- 
tral anular plane for a distance of 5 to 15 mm (mean 8) 
(Figures | to 3); prolapse was evident in the apical- 
chamber view in all 25 patients, and also in the para: 
sternal long-axis view in 15 patients (Figure 4). 

SAM was marked and resulted in apposition of t 
mitral valve and ventricular septum in 19 of 25 patien 
(prolonged i in 11 and brief in 8) and was mild to mode 
ate in the remaining 6 patients (Figure 5); of these la 
ter 6 patients, minimal systolic distance between the m 
tral valve and septum was <10 mm in 2 and =10 m 
in the other 4. There was no evidence of flail mitral 
valvular motion, ruptured chordae tendineae or prolapse — 
of the tricuspid valve. a 

Frame-by-frame analysis of mitral valvular R 
more precisely defined the sequence of events, In early 
systole (85 + 34 ms after R wave on electrocardiogra- 
phy), distal portions of anterior and posterior mitral 
leaflets began to move in concert toward the septum, _ 
often with the anterior leaflet bending acutely. As tips 
of the leaflets approached the septum, more proximal 
portions moved abruptly cephalad, prolapsing into the- 
left atrium (130 + 45 ms after R wave). Mitral-septal — 
contact (or maximum SAM) occurred at 165 + 42- 
ms after R wave. The maximal degree of MVP was | 
achieved later in systole at 285 + 72 ms after R wave. — 
In each patient, the onset of MVP occurred before max- 
imal SAM of the mitral valve (Figures 1 to 3). w 

In 20 of 25 patients, SAM was produced predomi- - 
nantly by the distal portion of anterior leaflet (which 
made contact or most closely approached the sept 
because of its anterior anatomic position) (Figure 
and 2), although the posterior leaflet also participe 












































S in this anterior mot jon tin 16 patients. In : he 2 


ur vs) poli bie), while the proximal anterior 
ean eel er hare hewrsyeli rere (dow 


FIGURE 2. Sequential 2-dimensional echocardiographic stop 
frame images (left), accompanied by schematic illustration 
(right), obtained during the same cardiac erel in the apical 4- 


trophic cardiomyopathy. A, end diastole; B, Cand D, systole. z 
A, mitral valve is open and both the anterior (AML) and poste- 
rior mitral leaflet (PML) appear elongated in the basal-apical 
plane. B, distal portions of mitral leaflets approach the ven- 
tricular septum (VS) with the AML bending acutely (single ar- 
row) while the proximal portion of the AML begins to pro- _ 
trude inte the left atrium (double arrows). C, in sequential — 
systolic frame, the distal AML. tip makes midsystolic contact 
with the septum (single arrow), producing dynamic obstruc- 
tion of left ventricular outflow; the proximal portion of the —— 
leaflet extends well beyond the mitral anular plane (i.e., up to 





ar f their initial saluation: Thirteen of these 15 had 
eft ventricular outflow gradient 230 mm Hg (range 
to 145) under basal conditions (9 patients) or 
| provocation maneuvers such as Valsalva maneuver, 
myl nitrite inhalation or isoproterenol infusion (4 pa- 
ents); the other 2 patients had no basal gradient and 
nly small gradients with provocation (20 mm Hg and 
5 mm Hg). Maximal outflow gradients recorded dur- 
ng catheterization in the 15 patients were 20 to 140 
mm Hg (average 85). 
Of the 10 patients who did not undergo cardiac 
theterization, 6 showed marked SAM with prolonged 
mitral-septal contact (and Doppler peak outflow veloci- 
ies 3.2 to 4.7 m/s) and were therefore judged to have 
tflow obstruction under basal conditions.4 Hence, 19 
f the 25 study patients (76%) had evidence of substan- 


argins; at mitral closure, the ee leaflet (AML) 
al” portion ofthe PML distal to the se ot cooptation 


tial E to left PR outflow: either a 
diac catheterization or by echocardiography. 

In the 15 study patients who underwent ee 
catheterization, left ventricular end-diastolic pres 
ranged from 10 to 40 mm Hg (mean 19) and was 
mm Hg in 8 patients. Mitral regurgitation was ide: 
fied by left ventricular angiography in 11 of the 15 pe 
tients (mild in 6 and moderate-to-severe in 5). 

Electrocardiography: The 12-lead electrocardiogra 
phy was abnormal in 24 of the 25 patients. A wide v: 


ety of alterations were observed, but no single pat 


was characteristic of the overall study group. Most 
quently observed abnormalities were left ventricula 
pertrophy (21 patients), ST segment and T-wave a 
ations (13 patients), and abnormal Q waves (12: pa 
tients). A variety of conduction defects were relativ 
common (9 patients), including l patient with compl 
heart block. | | 
Ambulatory electrocardiography: Ambulatory £4 
hour electrocardiographic ene was performed 


FIGURE 4. Soqusitiai 2iimensional sciscirdbographic stop- 
frame images (left), accompanied by schematic illustrations | 
(right), obtained during the same cardiac cycle in the para- 
sternal long-axis view from the same patient shown in Figure 
1. A, end diastole; B and C, systole. A, mitral valve is open 
and the anterior mitral leaflet ei appears markedly elon- 
gated. Band C, eee 































































patients (while they were not receiving cardioactive 
. Clinically relevant arrhythmias were identified 

) of these, including paroxysmal atrial fibrillation in 
atients (1 subsequently incurred a cerebrovascular 
ent), nonsustained ventricular tachycardia in 2 and 











FIGURE 5. A, stop-frame echocardiographic image in the par- 
“asternal short-axis view at end diastole and 2 M-mode record- 
-ings (B and C) obtained at different mitral valve levels from 
-the same patient shown in Figure 3. A, anterior ventricular 
sep thickened; prominent mitral valve (ar- 
‘ge relative to left ventricular cavity size. B, 








sinus arrest and junctional escape beats in 1 (an electro- — 
physiologic study documented sinus node dysfunction). — 

Clinical findings and follow-up: On physical exami- 
nation, 24 of the 25 patients had a grade 2 to 3/6 sys- — 
tolic ejection murmur; however, in none was the mur- — 
mur judged to be late-systolic. A midsystolic click was- _ 
reported in only 2 patients. Patients experienced a wide _ 
variety of symptoms, including exertional dyspnea (12 
patients), chest pain (11 patients), fatigue (10 patients), 
palpitations (8 patients) and syncope (3 patients). 

Twenty-two of the 25 patients had a longitudinal fol- 
low-up of 21 year (mean 6, maximum 14) after their 
initial evaluation at our institution. Fifteen patients 
were either asymptomatic or mildly symptomatic at ini- 
tial evaluation; 14 of these were unchanged at their 
most recent evaluation, and the other patient had im- 
proved from functional class II to I. Seven patients were 
severely symptomatic when first evaluated; 4 of these 
underwent operation for relief of outflow obstruction (3 
with mitral valve replacement and 1 with ventricular 
septal myotomy-myectomy). During the period of fol- 
low-up, 3 of the 4 operated patients had important relief 
or abolition of symptoms; the other patient died 3 days — 
after mitral valve replacement. The remaining 3 study — 
patients had persistent limiting symptoms. Hence, at 
the most recent evaluation, 18 of the 22 patients with 
longitudinal follow-up were either asymptomatic or 
mildly symptomatic, and only 1 patient had died. 

Family history: Genetic transmission of HC to first- 
degree relatives** could be substantiated in 13 of 25 pa- 
tients. Seven of these had a family member who had 
died from premature sudden death (<40 years of age) 
due to documented or suspected HC; the 6 others had 
at least 1 surviving relative with HC. Although there 
was no family history of HC in the remaining 12 pa- 
tients, systematic echocardiographic studies were not 
performed in these pedigrees. 

Morphology: Mitral valves from 3 patients who un- 
derwent mitral valve replacement were available for 
gross visual examination. None of the 3 valves showed 
evidence of leaflet scalloping or redundancy, increased 
anular circumference or distorted chordal anato- 
my, findings characteristic of patients with primary _ 
MVP.? Mitral valve tissue area and leaflet length 
(from anular margin to free edge) were normal in 2 
patients (area <11 cm?; length <22 mm), but were 
increased in the other patient (area 19 cm*; anterior 
leaflet length 30 mm). Mitral valve circumferences 
were normal in all 3 valves (ie., <11 cm).?° In each 
patient, the anterior leaflet was focally thickened by fi- 
brous tissue in the area of systolic contact with the ven- 
tricular septum. 


DISCUSSION 

HC is a primary cardiac disease in which the pattern 
and extent of left ventricular hypertrophy and the na- 
ture of the myopathic muscle are considered to be the 
principal determinants of many of the pathophysiologic 
and clinical consequences of this condition. However, 
duces obstruction to 
“SAM into the nar- 


















itflow tract and ie aisle apposition with the 
m.*-6 Although alternative explanations have been 
sroposed,?° many investigators favor the hypothesis that 
SAM i is largely produced by a Venturi phenomenon in 
which the mitral valve is pulled toward the ventricular 
septum by a high-velocity systolic outflow jet.? Several 
patterns of SAM may occur.® Most often, both mitral 
leaflets move in concert toward the ventricular septum® 
and the anterior leaflet makes contact with the septum 
cause of its forward position; less often, the posterior 
aflet alone produces SAM.”3 
-In the present study, we describe a subset of patients 
th HC and a distinctive pattern of mitral valve dy- 
namics that extend our concepts regarding the diversity 
‘the functional abnormalities present in this disease. 
our patients, the mitral valve demonstrated SAM 
oward the ventricular septum and prolapse into the left 
‘atrium. Shortly after the onset of systole, the distal por- 
-tion of the mitral valve leaflets moved anteriorly into 
tflow: tract and approached or contacted the sep- 
the proximal mitral valve then moved abruptly 
ad, protruding into the left atrium (5 to 15 mm 
beyond the mitral anular plane). The marked SAM ob- 
¿served in these patients reflected obstruction to left ven- 
ilar outflow, as is evidenced by hemodynamically 
ignificant intraventricular pressure gradients recorded 
Imost 90% of the patients who underwent cardiac 
theterization. 
Morphologic examination of the 3 gical valves re- 
-moved at surgery showed focal thickening of the anteri- 
~~ or mitral leaflet typical of obstructive HC,” but with- 
-=+ out the leaflet redundancy and scalloping or increased 
~ anilar circumference characteristic of “floppy” mitral 
__ valve.2!© Two of these valves were of normal size, 
< whereas the other was greatly enlarged, with elongation 
f both the anterior and posterior leaflets, typical of 
many patients with HC.27 However, because our gross 
morphologic observations were confined to a small num- 
ber of valves, we cannot be certain whether these patho- 
logic observations were truly representative of all 25 
dy patients. 
fowever, based on the information available to us, 
vould conclude that the combination of SAM and 
{VP evident in our patients with HC is probably not 
xplained by coexistence of a primary mitral valve ab- 
ormality, such as a floppy valve. Rather, it is most 
ely that the unique mitral valvular motion pattern de- 
ibed in this study is an expression of the anatomic 
nd spatial disproportionality between the mitral valve 
pparatus and the small left ventricular cavity and dis- 
ted ventricular geometry characteristic of HC.!2-'4 
> fact that cephalad motion of the mitral valve into 
je left atrium temporally preceded mitral-septal con- 
in each patient studied suggests that MVP was 
bably not a direct consequence of SAM and outflow 
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a : tion of left ventricular hypertrophy in hypertrophic: cardion opathy: a Wi 


we found evidence of am trasmission. ‘of. ] 
most pedigrees of the study patients, even though 
not feasible to perform systematic echocardiogra 
studies in all families. Furthermore, the clinical co 
and demographic features, cardiac dimensions and 
tribution of left ventricular hypertrophy in our pati 
did not appear to differ substantially from other 
tients within the disease spectrum of HC who did r 
have this particular pattern of mitral valvular motio 

It should be emphasized, however, that the prese 
study was not designed to address the question of 
prevalence of MVP in patients with HC. Indeed, 
frequency with which MVP occurs in HC is largely un 
known. Chandraratna et al?® reported a 10% incider 
of asymmetric septal hypertrophy in a population of 
tients with MVP. However, that study was limite 
M-mode echocardiography, the magnitude of left- 
tricular wall thicknesses was relatively mild, and it 
uncertain whether all patients with asymmetric sep 
hypertrophy had HC. Also, it should be emphasized 
that the detection of MVP by M-mode echocardiogr 
phy alone in patients with obstructive HC is difficult (il 
not impossible), because SAM and systolic posterio! 
MVP occur during the same phase of the cardiac cycle. 
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: Comparison of Left Ventricular Ejec tion 
Fraction by Magnetic Resonance Imaging anc 
_ Radionuclide Ventriculography in Idiopathic 
Dilated Cardiomyopathy 


Carlo Gaudio, MD, Gaetano Tanzill MD, Pietro. Mazzarotto, MD, Mario Motolese, MD, 
Francesco Romeo, MD, ‘Benedetto Marino, MD, and Attilio Reale, MD 


Te assess the validity of gated magnetic resonance 


na ging (MRI) in determining left ventricular (LV) 
jon frac tion (EF), MRI ( pir Echo, multislice- 

se technique on the short-axis plane) was 

d with equilibrium radionuclide ventric- 


U EE Oe e e interval 0.71 to 


(Am ‘ial ponpe 


h JI Department of Caine. CAAT Surgery Insti- 
versity “La Sapienza”, Rome, Italy; and LN. L, , Grottaferrata, 
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Í ince Dodge and Sandler! * validated angiogi J 

methods for studying cardiac function, left 

tricular (LV) ejection fraction (EF) has ` 
the most frequently used clinical parameter in the 
nostic and prognostic evaluation of patients with ca 
disease.?-> Several noninvasive techniques have 
used for assessing cardiac function. Two-dimensio 
echocardiography®* and equilibrium. radionuclide A 
triculography”” 1? are the current methods used in nor 
vasive evaluation of- LVEF. The ‘application of ga 
magnetic resonance imaging (MRI) to the cardiovas 


_ lar system has offered a new noninvasive modality t 


allows the 3-dimensional reconstruction of LV volu 
in any phase of the cardiac cycle.'3-!7 The present sti 
assesses the validity of MRI, compared with equi 
rium radionuclide ventriculography, in determin 


- LVEF in patients with idiopathic dilated cardion i 


opathy. 


METHODS | 


Patients: Teyit patients o3 men and 9 womet 
mean age 49 years, range 27 to 68), with clinical an 
echocardiographic diagnosis of idiopathic dilated. car 
diomyopathy, in New York Heart Association class 
to IV, were studied prospectively. Exclusion crite 
were atrial fibrillation or high incidence of arrhythmias 


(eg. aneurysm clips), and claustrophobia. Four pa 


- tients were excluded because of atrial fibrillation, and 


because of a high incidence of ventricular arrhythmia: 


_ After giving informed consent, all patients underwen 
MRI and equilibrium radionuclide ventriculograph' 
_ consecutively performed in our center on the same d 


in the afternoon, with a time interval between the 2 ex 
aminations of 20 to 70 minutes (mean 40). There wer 
no significant changes in heart rate and blood press 
in the interval between examinations. All patients wer 
receiving a daily regimen of either digitalis, diuretic 
and nitrates, or a combination, taken in tabular forr í 


the morning. 


Magnetic resonance imaging technique: Electre oca 


PRAE MRI was performed b 






























1. Three different S imaging sequences were 
cquired to visualize the cardiac planes. First, a gated 
spin-echo multislice sequence on the transverse tomo- 
aphic plane was obtained. The time echo was 30 ms; 
he repetition time was 80 to 90% RR; each scan was 
erformed by using 2 measurements with reconstruction 
atrix 256 X 256 and a slice 10-mm thick. Then, a 
25° /—30° left-right angulation was added to the im- 
ge with optimal cardiac visualization to obtain an an- 
gulated transverse plane, called “four-chamber” MRI 
iew. From this section, in which septa are perfectly 
gned, an additional localizing multislice scan was per- 
ormed (perpendicular to the ventricular septum) to vi- 
alize the short-axis plane (Figure 1). 

The mean duration of this first part of the examina- 
ion was of 15 minutes (range 12 to 19; standard devi- 
tion £1.36). 

2. A spin-echo multislice-multiphase sequence on 
€ short-axis plane was acquired as the second part of 
he MRI examination. There was no interval of time 























apex to the base of left ventricle at diastole; lower pane , 
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between the 2 parts. ’ This technique was USEC 









multiple contiguous slices, which cover the left ventr de 
from the apex to the base, in the different phases ‘of the 
cardiac cycle to obtain a real 3-dimensional reconstruc- 
tion of the heart and to evaluate cardiac volumes and 
EF. For each slice, end-diastolic and end-systolic con- | 
tours were manually drawn on the computer screen. Ly 
volume and LVEF values were automatically calculated 
by the computer (volume EF program) (Figures 2 and 
3). MRI variables were: time echo = 30 ms; repetition 
time = 80 to 90% RR; 2 measurements; reconstruction 
matrix = 256 X 256; slice thickness = 10 mm; and 
number of slices or phases = 5 to 8. Mean duration of 
this second part of the examination was 30 minutes 
(range 25 to 36; standard deviation + 1.67). 
Radionuclide ventriculography technique: Equilibri- 
um radicnuclide ventriculography was performed after 
in vivo erythrocyte labeling with 15 mCi of technetium- 
99m sodium pertechnetate. Data collection was ob- 
tained with a standard single-crystal gamma camera 











FIGURE 1. Magnetic resonance imaging visualization of oblique cardiac lanos: A, re transversal section (4~chamber 
rately with a erie of ventricular and atrial septa. B, imaging plane through the short axis of the left ventricle, per- 





nique. Upper panel, 3 different con- 
same views. at systole. 





i 7 ‘Gane: Dinei Tomo), on with a 
energy, general purpose parallel-hole collimator and 
nterfaced with a dedicated on-line computer system. 
nty-four frames per cardiac cycle were acquired in 

he left anterior oblique projection with an additional 
| 0° caudal tilt. Acquisition was continued for 300 car- 
liac cycles. Mean duration of the whole examination 
was of 28 minutes (range 26 to 31; standard deviation 
a 1 .66). LVEF was calculated from counts within a LV 
gion of interest, after manual furictional background 


“Statistical analysis: LVEF values obtained i in each 
ent by the 2 methods were used to compare MRI 
-radionuclide ventriculographic results. The linear 
elation coefficient between the 2 methods and linear 
ession analysis were calculated. according to the 
dard approach. Agreement between the data ob- 

| by means of the 2 techniques was assessed by the 
hods described by Bland and Altman.'® Individual 
ifferences between LVEF values, estimated by means 
techniques, were plotted on a graph against the 

alues of the 2 measurements. The mean of the 
lifferences, together with the corresponding 95% confi- 
lence interval, was also calculated. Furthermore, linear 
ession analysis and the methods of Bland and Alt- 

an were also used to define interobserver and intrapa- 
t variability to analyze the MRI examination re- 
Seis A p value <0.001 was considered statistical- 


i RESULTS 

ee Table I lists LVEF values in the 32 patients. The 
linear correlation coefficient between the LVEF values 
wos determined by using the 2 techniques was very high: r = 


091 (p <0.001). The linear regression equation of 


.VEF values determined by using MRI on the corre- 
ponding values obtained with radionuclide ventriculog- 
aphy showed an intercept value of 0.79 and a slope 
alue of +3.51 (Figure 4). Figure 5 shows the differ- 
nces between LVEF measurements against the mean 
f the measurements by the 2 methods. The mean dif- 
erence was 1.7, indicating that MRI values were slight- 
y underestimated. The standard error of estimates was 
0.50. The 95% confidence interval for the bias was 0.71 


‘TABLE I Left Ventricu ar Ejection Fraction Data 
LVEF (%) 


Radionuclide 
Ventriculography 


Mean + SD 


LVEF = left aA ejection fraction: MRIS nae resonance imaging: 3: eo 
_ Standard deviation. 


preted the same study a week apart, was small- m 





ere: r = 0.91, m sees 


=l 13, and stan- 


i “ip "The mr k e aana adena intrapa- 
rush were: r= we 98, mean difference = 0. ve 


se this is whinge i is aa cn noninvasive an 
: A not a on t přemdtrie pE for LVEF cal- 


base, in ihe different pens of the vardi: jae ye cle, 

an optimal visualization of LV wall and a very high 
definition of the endocardium. Furthermore, by th 
hipaa the LV volumes and. LVEF: ar automatical- 


ging strategy was 
used a Van Rossum et al, 22 who Tee MRI with 
LV angiography (performed on different days) in pa- | 


tients with various cardiac diseases, and obtained a high ia 


Ja nenaddal reconstruction of the a LV volutes z 
has showed a very high correlation with radionuclide 
ER data.. The mean Me Gale mee: - 


FIGURE 5. Differences (Diff.) between left : 
icuk paie fraction En epia ae. 





95% o eontidence jatena | of 0.71 to 2. 68: th this indi- 


es that MRI slightly underestimates LVEF. Despite 
finding, the standard deviation of differences was 
all enough for us to be confident that the 2 

l nods can be used interchangeably. 
Repeatability of magnetic resonance imaging: The 
; of “yariability was performed to assess thë accura- 
of LV edge detection (interobserver variability) and 
MRI examination repeatability. (intrapatient vari- 
ity). The high correlation between measurements of 
pservers (r = 0.91) reflects the low degree of vari- 


| ity inherent in deriving measurements from the im- 


s. We have also obtained a high correlation (r = 


in LVEF determination on 2 occasions separated 
n interval of 24 hours (intrapatient variability), thus 


any’ the A e reprostucttiiy o of MRI aeria 
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me Š vey washout period between 
ardiac tal it was measured using the car- 





rdia c output and heart rate a as follows: 
cardiac ou ciputtbourt rate. Cardiac outputs 
re estimated at rest and while walking on a 
eadn ms at 25, 45, 60 and 75% of the subject’s 
ust . sch maximal oxygen uptake 





e intensi sit ties of 2. 60 and 75%. ap 
ficant differer nena in SV were found between pin- 
slo and placebo o only at the intensities of 60 and 





VOamax in re under plac and untrained subjects. 
3 s nea that both trained and un- 


ergic blockade š at submaximal levels without 
compromised s cardiac function. 
(Am J Cardiol 1991 ;67:416-421) 
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| 'Yidespread use of B-adrenergic blockade as a — 

' treatment for hypertension,'? ischemic heart — 
disease and postmyocardial infarction?4 has . 
raised many questions concerning the effect of these 
drugs during exercise. Since exercise is often prescribed _ 
as an adjunct treatment in combination with 6 block- 
ade,'*-7 the patient’s ability to maintain satisfactory 
cardiac function during exercise, as well as 5 at Test, is 
important. pe 

Differing properties of B blockers may, or may. not, 

be present in any 1 specific drug. Several of these prop- ~ 
erties can have a major impact on a person’s response to = 
both acute and chronic activity.* As an example, the - 
property of 6, selectivity, or cardioselectivity, has been — 
shown te provide substantial benefit during both acute — 
bouts of exercise and exercise training®!° compared 
with nonselective drugs. Intrinsic sympathomimetic ác- 
tivity (ISA) is another property that may provide signif- 
icant benefit during exercise, since ISA does allow — 
some sympathetic stimulation of 8 adrenoreceptors. 
One study!! showed that pindolol, a 8 blocker with ISA, - 
allows for a higher submaximal exercise cardiac output — 

and submaximal double product than does propranolol. _ 
Thus, drugs with this ISA property could possibly atten- . 
uate the decreases in cardiac output and heart rate that © 
have been reported to occur both at rest and during 
exercise with non-ISA drugs.>48-19.12-1¢ In studies in 
which 8 blockers with ISA have been used, the normal. 
decline in heart rate with 6 blockade is significantly at- 
tenuated at rest and during low-intensity exercise.!31516 

The present study examined cardiac output, stroke — 

volume (SV) and heart rate at varying submaximal ex- 
ercise intensities in both untrained hypertensive and en- 
durance-trained normotensive men to ascertain if drugs. 
with ISA properties are better able to maintain cardiac © 
function both at rest and during exercise. Portions of | 
the hypertensive subjects’ dala from this study have 
been published previously.” 















METHODS 

Twenty-four men, aged 18 to 34 years, were recruit- . 
ed from students and staff at The University of Texas at- 
embers of the greater ‘Austin com- 
ere classified into 2 groups: 
2 endurance-trained | 
n O., Sa 


kg“ Lmin™!] normotensives. These 2 subject groups 
jere chosen to represent (1) a population that would 
“most likely be prescribed this medication, and (2) a 
population that would exhibit the greatest attenuation 
-in exercise capacity in response to 6-adrenergic block- 
-ade.? Ideally, endurance-trained hypertensive subjects 
uld have been used, but an adequate subject pool was 

- available. 
Untrained subjects who were taking hypertensive 
dication to control blood pressure, stopped taking 
s medication for a period of 2 weeks before starting 
; study. These subjects had to demonstrate an un- 
cated diastolic blood pressure >95 mm Hg on 3 
nsecutive days. Each subject received a physical ex- 
mination that included a resting and exercise electro- 
diogram. The protocol was approved by the Univer- 
ty of Texas at Austin Institutional Review Board and 
i subjects provided written informed consent. Subject 

icteristics are listed in Table I. 

Subjects were given each of 3 treatments: placebo, 


lol (10 mg twice daily) and propranolol (80 mg 


ce daily) in a randomized, double-blind manner. 
-Drugs were self-administered orally, and subjects began 
‘medication no less than 48 hours before the first test. 
-Subjects continued to take the medication for a mini- 


m of 10 days and were instructed to take medication 
minutes to 2 hours before each testing session. Medi- 


ation periods were followed by a washout period of 4 
days before beginning the next medication period. Addi- 
nal submaximal tests, to be reported elsewhere, were 
ducted on those days following the test day reported 
this paper, necessitating | 10-day medication periods. 
~ The initial testing session, before starting medica- 
: tion, was used to determine the subject’s VO max. 
‘A SensorMedics Horizon metabolic measurement cart 
s used for determining expired ventilation, VO>, car- 
on dioxide production and respiratory exchange ra- 
tio.!8 The subjects walked on a treadmill with gradually 
increasing speed and grade, until the subject could no 
longer continue. The exercise test ped has been de- 


Pedro te exchange ratio >1. 15 aa a maximum r heart 
te within the expected range. A diagnostic 12-lead 
Si was recorded RAN this A Ses- 


TABLE i 1 Physical Characteristics a i “standard | 
deviation) of the Subjects in the Trained and Untrained - 
Hypertensive oe l 


Groups 


Untrained _ 
Trained ALANAS a 
n 
Age (years) 
Height (cm) 
Weight (kg) 


VOzmax (mi -kg™! min“) 


r Significant (p £0.05). 


used for all E E P Heart rates were m 
sured with a 3-lead electrocardiogram and SV wa: 
culated as SV = cardiac output/heart rate. This | 
col was repeated during each drug treatment pe ri 
A2xX3xX5 (“training” x “drug” xX ° 
work”) analysis of variance, with repeated measur 
sign, was used to determine overall main effects 
repeated measures were “drug” and “rate of wor 
Data were analyzed with the Biomedical Sta’ 


Package 2V (BMDP 2V). Post hoc comparisons 


made using Tukeys Honestly Significant Dif 
test. All tests were conducted using a p <0. 05 


cance level. 


RESULTS 

There were significant (p <0.05) main effects 
level of training (VOymax, trained versus untraine 
drug and rate of work, (Table 1D. Because ofi intention: 


normotensive and aoned ‘hypertensive subjects on 
the basis of their selection into groups, no attempts wer 
made to compare the 2. Comparisons will be made be 
tween the effects of drug and rate of work for eac 
group independently. | 
In the untrained hypertensive group, heart rati 
were significantly lower with both drugs compared wit 
placebo at all rates of work except for pindolol at 29 
of VOmax. The greatest magnitude of heart rate re 
duction at rest and during exercise was found with prc 
pranolol, with pindolol eliciting heart rates between pre 
pranolol and placebo values (Figure 1A). With propran 


olol, SV increased significantly above placebo values a 


45 through 75% of VO.max. With pindolol, SV was no 


o significantly different from placebo, but it was sig 


— nificantly lower compared with propranolol condition 


placebo and pindolol, “but not until 60% of VOxma 
with propranolol. No significant differences were found. 
in cardiac output between placebo, pindolol and pre 
pranolol conditions, at rest or during submaximal ex 


cise at any of the 4 intensities (Figure 1C). 


Pi ae trained aa oa although only propranolol 














gh 75% of VO.max (Figure 2B), whereas the 
plateau w was clearly seen with placebo and pin- 
at 45 and 60% of VO2max, respectively, and with 
eatments i in a the untrained hypertensive group. 
output values were not significantly different 
cebo under the 2 drug conditions at rest and 
ng exercise, a with both drugs there was a 
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was s not phate ge with Popa from 


VOmax in the untrained hypertensive grou 


Untrained Subjects 


Trained Subjects 


al a De cantly | loiger heart a ae ll. rates o 
work in both groups of subjects with propranolol, n 
25 to 75% in the trained group and at 45 to 15% 0 
> W with | pin- — 
dolol. Changes in SV, and the factors contributing to — 
these changes, are primarily responsible for the subject’s — 
ability to maintain cardiac output in the pome of an 
attenuated heart rate. —— E 
-The differences in cardiovascular adaptations to ex- 
ercise between propranolol. and pindolol were quite 


























E " Cardiac Output, Stroke Volume and Heart Rate responses at Rest and During | Exercise at 25, 45, 60 and 75% of 
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y similar to those seen with place- 
though heart rate was significantly reduced 
olol in both trained and untrained hypertensive 
‘he attenuation in heart rate with pindolol, 
was of lesser magnitude than that with pro- 
F ropranolol, while allowing the subjects to 
cardiac output, achieved this through signifi- 
her SVs and lower heart rates at most intensi- 
th trained and untrained groups. 

e absence of a plateau i in SV with propranolol in 
trained group was quite unexpected. Under normal 
ditions, a plateau would have been expected between 
d 60% of VOomax.2° Bevilacqua et al?! also re- 
ted that SV increased up through 100% of VO.max 
O untrained healthy men while taking propranolol, 
, unlike the present study, under placebo conditions 
eached its peak at 25% of VO max and then de- 
ased slightly. Unfortunately, they did not test their 
jects to maximal-levels, stopping at approximately 
of the age-predicted maximal heart rate. What 
efer to as 25, 50, 75 and 100% of VO2max repre- 
in fact, 25, 50, 75 and 100% of the maximum 
rate attained during the test that they terminated 
proximately 85% of the age-predicted maximal 
tate. The mean heart rate they reported at 100% 
VO omax under placebo conditions was only 169 
/min, a value that is 20 to 30 beats under what 
| be expected for a maximal heart rate for this age 
. Since these were not true maximal tests, it is 
ble to interpret their data. 

veral theories attempt to explain the body’s ability 
intain cardiac output in the presence of low heart 
by increasing SV. Higginbotham et al,” using 
t-sided cardiac catheterization, radionuclide angiog- 
hy and expired gas analyses, found that during low- 
nsity exercise, a linear increase in cardiac index with 
1 increasing rate of work was due to an increase in 
oth heart rate and SV index. The increase in SV index 
as proposed to be the result of an increase in left ven- 
icular filling pressure and an increase in end-diastolic 
volume index, i.e., the Frank-Starling response. They 
found, to a much smaller extent, that a decrease in the 
nd-systolic volume index was also responsible for SV 
creases. They also concluded that the limiting factor 
SV increases at higher rates of work is a decrease in 
jastolic filling time, resulting from high heart rates. 
his was illustrated by the fact that the greatest end- 
astolic volume decreases were demonstrated in their 
ung subjects with the highest heart rates. 

However, it has also been suggested that reduced 
tolic filling time may not be the sole, or even major, 
iting factor to SV increases at higher intensities of 
rcise. Tanaka et al? compared the cardiac function 
f trained and untrained subjects during exercise, from 
submaximal through maximal intensities, using imped- 
ance cardiography. In contrast to Higginbotham et al,?? 
their data indicate th t there i is mee TI Sling of the 


























































pindolol resulted in cardiac out- ‘perience a decrease’ m sv ‘at heart. 


F higher i in t the train 







beatsemin™!, whereas their trained sul yj 
strated a plateau, or even a slight increase, in S' fr 
heart rates of 120 beats-min~' to maximum heart rate 
They hypothesized that this response in the trained sub- 
jects is due to a facilitation of left ventricular filling. ando 
an increase in systolic emptying, possibly related to ae 
decreasec peripheral vascular resistance. eS 

Crawford et al?4 examined SV, end-diastolic ire E 
end-systolic volume and ejection fraction in both com- 
petitive and noncompetitive runners at rest and during 
upright exercise on a cycle ergometer, using 2-dimen- 
sional echocardiography. The groups were compared at 
rest, and at 60, 70 and 85% of maximum heart rate, and 
at maximum heart rate. As with the propranolol treat- 
ment in the trained group in the present study, they 
found SV to increase significantly in the competitive 
group through 70% of maximum heart rate. There was 
a trend for SV to continue to increase through maximal 
exercise, although the changes beyond 70% of maxi- — 
mum heart rate were not statistically significant. The 
increase in SV was due to an almost parallel i increase in _ 
end-diastolic volume, thus illustrating the importance « of | 
the Frank-Starling mechanism, especially up to 70% of — 
maximum heart rate. The ratio of systolic blood pres- 
sure to end-systolic volume, an index of myocardial con- 
tractility, increased significantly only >70% of maxi- — 
mum heart rate. 

These: results support the contention of Plotnick et 
al” that increases in SV are due primarily to the Frank- | 
Starling mechanism during lower intensity exercise and 
to increased myocardial contractility during higher in- 
tensity exercise. Crawford et al*4 also reported that the 
competitive group, in addition to having a larger left 
ventricular size than the noncompetitive group, were — 
also able to increase end-diastolic volume proportionally 
more during exercise than the noncompetitive group. 
Thus, it appears that the increase in end-diastolic vol- 
ume in athletes is a major adaptation to endurance 
training and that highly trained runners make greater 
use of the Frank-Starling mechanism during high-inten- 
sity exercise than less well-trained runners. 

Although published reports agree on the fact that — 
increased end-diastolic volume is primarily responsible _ 
for SV increases during exercise, particularly at the — 
lower intensities of exercise, the underlying cause of this — 
occurrence remains unclear. The data from the present — 
study support the data of Higginbotham et al? who - 
propose an increased diastolic filling time as a major 
factor in SV increase. However, other possible causes, — 
such as an increased end-diastolic volume due to an in- < 
creased filling pressure, cannot be overlooked, particu- — 
larly when subjects are taking 6-adrenergic blockade.?! 
The trained and untrained groups in the present study 
did not demonstrate the same response during the pro- 
pranolol treatments. Although SV continued to increase 
in the trained group, SV in the untrained hypertensive — 
group dic reach a plateau. F illing pressure may well be 
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t physicians consider ultrasound as purely di- 
ic, free of significant biologic effects. 
Chis paradigm i is incorrect (there are signifi- 
z sh A and may limit potentially beneficial 
purpose of this ae is to 1 review 6 


































tany of these effects are due to “acoustic cavita- 
"the term used to describe the rapid growth and 
| implosion of a small bubble in a sound field, 
h yields intense, very localized heat and delivers a 
to nearby surfaces. Cavitation may also lead to 
ree radical production and even electromagnetic 
iation in the visible spectrum (“sonoluminescence”). 
st heating by ultrasound and cavitation are the 
important mechanisms of ultrasound bioeffects. 


RASOUND VALVULOPLASTY 
hotripsy catheters may be useful for valve decal- 
on during cardiac surgery. 
988, Worley et al? reported that the intraopera- 
: decalcification of stenotic aortic valves could be aid- 
by a hand-held lithotripsy system. They used a com- 
ially available electrohydraulic catheter to deliver 
stic shocks to calcific deposits on aortic valves sub- 
ed in saline at autopsy or during surgery. They be- 
zed that the procedure aided operative aortic valve 
epair, although they warned that the technique had the 
otential to cause aortic valve damage. Only mild aortic 
pulBicioncy w was noted at the omnes of the proce- 








nts with n aliea aortic stenosis were treated bi in- 
erative aortic valve calcium debridement using the 
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Cavitron® Ultrasonic Surgical Aspirator.’ All had sig- = 
nificant improvement in aortic valve area and gradient — 
at repeat cardiac catheterization. However, half of the = 
patients had a 1-grade worsening of their aortic insuffi- _ 
ciency at follow-up catheterization compared to preop- 
erative aortography. The investigators concluded that 

“worsening aortic insufficiency is a frequent result and — 
will likely limit widespread application” of the tech- 
nique.’ Another interpretation of these data is that sur- — 
geons may have a significant learning curve or that fur- 
ther instrament development will be necessary, or both. © 
Therefore, it is unclear what role high-intensity sound 
will play in cardiac operations. 


ULTRASOUND ANGIOPLASTY 
AND THROMBOLYSIS | et 
High-intensity ultrasound may ablate atherosciérotic oe 
tissue and, via catheter delivery systems, effect recanali- ae 
zation of obstructed or occluded vessels. __ i 
Angioplasty: It has been known for more than a de- 
cade that high-intensity sound can cause tissue damage _ 
and destruction (“ablation’’).8 Ultrasonic ablation of 
atherosclerotic plaque with the goal of “ultrasonic angi- 
oplasty” was first reported and subsequently developed __ 
by Siegel et al^! Complete atherosclerotic occlusions `- 





have been recanalized in autopsy material? and in an 


animal model,! and initial clinical experience includes 
successful recanalization of 4 total occlusions and 4 
high-grade stenoses in femoral or popliteal arteries.!! 
Other investigators involved in ultrasound angioplasty 
include Freeman,'* Marraccini,'3 Rosenschein,'4!5 
Ernst!®!7 (in our laboratory) and their co-workers. Ro- 
senschein’s system has also been used in initial clinical 
trials in patients with peripheral vascular disease, with 
successful recanalization of 7 totally occluded arteries i i 
6 patients.!> 
Thrombolysis: High-intensity ultrasound can able 
organic material, probably via a mechanism involving ee 
acoustic cavitation. Thus, it would be expected that — 
high-intensity ultrasound can destroy thrombi This has 
in fact been reported in vitro.!8.!° ee 








ACOUSTIC FILTER = 
Traveling acoustic waves can remove aha micro- | 
bubbles from cardiopulmonary bypass machines that- 
are not removed by current mechanical filter tech- ao 
nology. s 
Conca 
(“pump 


















bably. ‘multifactorial, the most portani ‘factor may 

microembolization of the brain, with microbubbles of 
diameter between 8 (large enough to block cerebral 

capillaries) and 35 to 40 um (the pore size of the me- 
hanical filters used on cardiopulmonary equipment). 
ther factors include microembolization. with particu- 

: material and altered cerebral perfusion. 

We have developed a nonmechanical acoustic filter 
lat can remove microbubbles of <35 um in diameter 
om cardiopulmonary bypass lines without causing sig- 
ficant hemolysis or increased resistance.*! The acous- 
c filter uses low-frequency, high-intensity ultrasound 
y sweep microbubbles from flowing blood with acoustic 
idiation force (“acoustic wind”). This device holds 
romise for preventing pump head. 


ONTINUOUS-WAVE ULTRASOUND 
ontinuous-wave ultrasound can increase the force 
l diac muscle contraction in isolated rat papillary 


: Cardiac inotropy: In 1985 Forester et al** reported 
that isolated rat papillary muscles could be stimulated 
to contract more vigorously by continuous-wave ultra- 
jund. They used low-frequency ultrasound (963 kHz) 
tensities of 0.25, 0.5, 1.0 and 2.0 W/cm?. Data re- 
ed a significant increase in peak developed force, 
eak rate of force development, and peak rate of myo- 
dial relaxation, which was linearly related to ultra- 
ound intensity. The mechanism of this phenomenon 
not related to heating alone. 

Zakharov et al? challenged the inotropic effect of 
w-frequency ultrasound on isolated rat papillary mus- 
e. They used 543 kHz ultrasound with intensities of 

to 3 W/cm2. This was found to be associated with 

ersible membrane depolarization and loss of mem- 
rane excitability. The mechanism of ultrasound action 
as thought to be related to cavitation. How cavitation 
alters contraction on a subcellular and molecular level 
remains undetermined and is a promising field for fur- 
er investigation. 


ILTRASONIC PACING AND DEFIBRILLATION 
_. High-intensity ultrasound has been used for cardiac 
pacing and defibrillation in animal studies. 

Defibrillation: Smailys et al reported in 1981 that 
ontinuous-wave ultrasound at a frequency of 500 kHz 
nd an intensity of 10 W/cm? could occasionally re- 

rse ventricular fibrillation in dogs. Studies of this dose 

ultrasound in the isolated right ventricles of rabbits 

ggested that the antiarrhythmic action of the ultra- 

d was related to prolonging the refractory period of 
nyocardial cells. 

‘diac pacing: It is known that mechanical stimu- 

of the heart can result in premature contractions. 


t thus be expected that acoustic shock waves 
shold could a 


o premature « contractions, H thotriptor s 
-cardiographically gated. Thresholds for induces 


ac contraction by lithotripsy shocks are under investi 
tion (personal communication, Diane Dalecki, M 
tronics Fellow, Rochester Center for Biomi edi 
Ultrasound, University of Rochester, New York). I 
also recently been noted that cardiac pacing can 
achieved with the acoustic shock waves that result fror 
laser pulses used for laser angioplasty. 25 


EXTERNAL ULTRASOUND o : 
Controlled release of stored subcutaneous: 
posits can be achieved s external u ladon Ko 


eae 10- to 5 20-fold ade the externa 
trasound to the implants. The releas 


-proportion to the intensity of the ultrasout dT 


ture and mixing were not the mechanisms of ac 

tion of release, which was thought by the inves 

to be related to cavitation. They concluded that ‘ 
further study, ultrasound may prove useful as a way 
externally regulating release rates from polymers i in 
variety of situations where on-demand release is. M 
quired.” 


CONCLUSION 


Ultrasound is usually considered a. purely diagnos 
tool in cardiology. However, there are many therapeu 
applications being developed in basic acoustics and 
animal physiologic laboratories, and some of these n 
achieve clinical usefulness in the coming decade... 
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R ition Between Late Potentials and Echħocardiographiċaliy 
etermined Left Ventricular Mass in Healthy Subjects 


ngelo A. Raineri, MD, Marcello Traina, MD, Renzo M. R. Lombardo, MD, and Antonino Rotolo, vo 


igh-frequency, low-amplitude signals, also known as 
entricular late potentials, can be recorded in pa- 
affected with myocardial infarction in the terminal 
n of the QRS complex and ST segment.! The slow 


inhomogeneous activation of the infarcted area rep- 


ts the substrate of electrical signals that can be re- 
beyond ventricular activation.? The prolonged 
S duration may reflect this abnormal activation, but 


can speculate, as did Gomes et al,! that a longer QRS- 


ation may be the expression of a greater mass of 
im that is depolarized. We recently found in 

jects a positive linear correlation between sig- 

ed QRS duration and body size.’ Based on the 

ntioned assumptions, we hypothesized that in 
ealthy subjects ventricular late potentials could be relat- 


| to ventricular mass. This study examines the relation — 


tween the filtered QRS duration, the duration of the 
nal portion of the QRS <40 aV (LAS <40), the 
mean-square voltage of the total QRS complex 
<MS-QRS), the root-mean-square voltage of the last 40 
s (RMS-40), and the echocardiographically estimated 
left ventricular mass in healthy subjects. 
© ‘The study group comprised 71 healthy volunteer 
medical residents, nurses and physicians (42 men, 29 
omen, mean age + standard deviation 39 + 13 years). 
‘one of the subjects had a history of heart or metabolic 
isease or systemic hypertension. They had normal 
sical examination, 12-lead standard electrocardio- 
m, and echocardiogram. No one was a professional 
athlete or had a body weight exceeding normal limits. 
-> The signal-averaged electrocardiogram was recorded 
215 minutes after bed rest and 2 hours after eating. All 
cordings were obtained with an Arrhythmia Research 
echnology 1200EPX high-resolution electrocardio- 
raph. Standard orthogonal bipolar X, Y and Z leads 
were used to analyze a mean of 245 cycles (range 198 to 
85) with a noise level $0.3 uV. The recorded signals 
ere amplified, averaged and filtered with a Butter- 


orth bidirectional filter (range 40 to 250 Hz). The 


nals obtained from the 3 leads were then combined 
form a “vector magnitude,” which is obtained by 
ing the square root of the sum of the squares 
(XP $F 7 4+ 27). 
_ Signal-averaged QRS duration, LAS <40, RMS- 
RS and RMS-40, all determined at 40-Hz high-pass 
ring, were taken into consideration. 


Universita degli Studi di Palermo, Cattedra di F isiopatologia 


lare ‘Policlinico Paolo Giaccone; Via del Vespro, Palermo, 


Echocardiography was performed with a Hes yi 
Packard 77020 phased-array ultrasound unit; w 
2.25-MHz transducer. Left ventricular mass was c 
lated according to the formula of Devereux and 
chek*: left ventricular mass = 1.04 ((LVID + ¥; 
PWT); — (LVID)*] — 13.6 (in grams), where Lh 
the left ventricular internal dimension, VST the ve 
ular septal thickness and PWT the posterior wall thi 
ness. 

Means + standard deviations were determinsid 
the clinical, signal-averaged electrocardiographi: 
echocardiographic results. Comparison of means 
made using Student's t test for independent samples. 
relation between late potentials and left ventricular ma. 
was determined by the linear regression analysis. 

The means + standard deviations of the clinical 
signal-averaged electrocardiographic characterist 
well as estimated left ventricular mass are listed in Tab 
I. A positive linear correlation was found between Q 
duration and left ventricular mass (r = 0.60, p 
0.0001); only a weak positive linear correlation 
found between LAS <40 and left ventricular mass ( 
0.30, p = 0.01) (Figure 1). A weak negative linear co 
lation was found between RMS-40 and left ventric 
mass (r = —0.26, p = 0.03), whereas no correlation 
found between RMS-QRS and left ventricular mas 
(Figure 2). 

In a previous study conducted in healthy aubjests; Ww 
found a correlation between the signal-averaged QR 
duration and body size, particularly body height? Whe 
the well-known relation between the echocardiograpt 
cally determined left ventricular mass and body heigt 
taken into consideration, a prolonged filtered eo dur 


TABLE I Clinical and Signal-Averaged Electrocardiographic i 
Characteristics, and Left Ventricular Massi in 71 Healthy 
Subjects 


Age (yr) 

Height (cm) 

Weight (kz) 

BSA (m?) 

Systolic BP (mm Hg) 

Diastolic BP (mm Hg) 

ORS duration (ms) 

LAS <40 (ms) 

RMS-QRS (nV) 

RMS-40 (uV) 

Left ventricular mass (g) 
Values are mean + standard deviation. E 
BP = blood pressure; BSA = surface’ area; LAS. <AQ = duration. not 

Eeki Pi n Sid terminat, portion. of: OFS uA Of amplite 


address: Vi ia sre "Gasperi 70, 90146 j Palermo, _ Significant; QRS 


! accepted O October “4 





y * 73.46 + 0.14 x 
r= 0.60 
p= 0.0001 
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t. Linear correl: i between signal-averaged fil- FIGURE 2 Linear correlation between the anana 
kration and lett ventricular mass (top) and be- voltage of the low-am); e signals in the last 40 ms of the 

duration of the low l QRS compiex (RMS-40) and left ventricular mass (top) and 

por on -of the QRS complex (LAS <40) and left ven- between the root-mean-square voltage of the total QRS com- 

raca baiia. plex (RMS-QRS) and left ventricular mass (bottom). : 


LAS <40, RMS-40 and left ventricular mass indicate’. 
that these parameters do not depend solely on left ventric- 
ular mass, but that other electrophysiologic factors ar 
involved im the genesis of low-amplitude signals at thes en 
of the QRS complex. 
In a healthy population, there is a significant ii a 
relation between signal-averaged QRS duration and lef 
ventricular mass, whereas there are only weak correla- 
tions among LAS <40, RMS-40 and left ventricular 
mass. The absence of correlation between RMS-QRS ae 
and left ventricular mass indicates that electrophysiologic E 
aspects other than the mass of myocardium determine the 
height of the root-mean-square voltage of the total QR: 
complex. A prolonged, filtered Q QRS duration does no 
depend only on a delayed, frag ited. ) Q 
E neous electric activity, but is als 
the vector peer ni nee: not saps express the Poe ofa a. Breate 3 
y of f myocardium that i is depolarized. Only QRS 7 





re a prospective study. J Am Coll Cardiol 1989: B: 377-384. 


imson MB, Untereker WJ, Spielman SR, Horowitz LN, Marcus NH, Fal- 


A, Harken AH, Josephson ME. Relation between late potentials on the 
urface and directly recorded fragmented electrograms in patients with 

ular tachycardia. Am J Cardiol 1983;51:105—112. 
ineri AA, Traina M, Rotolo A, Lombardo RMR. Quantitative analysis of 
ventricular late potentials in healthy subjects. 4m J Cardiol 1990;66:1359- 1362, 
s Devereux RB, Reichek N. Echocardiographic determination of left ventricular 


"mass in man. Anatomic alaton oft the ood: ¿ ireulation 4 


5. Levy D, Savage DD, Garrison RJ, Anderson KM, Kannel WB, | 
Echocardiographie criteria for left ventricular hypertrophy: 

Heart Study. Am J Cardiol 1987;59:956-960, 

6. Winters SL, Stewart D, Targonsky A; Gomes JA. Role of signal av 
the surface QRS complex in selecting’ patients with nonsustained ve 
tachycardia and high grade ventricular arrhythmias for programmed y 
stimulation. J Am Coll Cardiol 1988;,12:148 1-1487. . 


»inephrine Versus Norepinephrine i in Prehospital Ventricular 


‘ibrillation 


arl H. Lindner, MD, Friedrich W. Ahnefeld, MD, and Adolf Grünert, MD 


C cording to the 1986 Amaai Heart Association 
mmendations, epinephrine should only be given 
lar fibrillation (VF) fails to respond to the first 
itive direct-current shocks.' Animal experiments 
est that norepinephrine (ai 2; 8; agonist) seems to be 
ior to epinephrine (ai z; Biz agonist) for i improving 
myocardial hemodynamics during cardiopulmonary re- 
suscitation.*-+ Because there are only case reports about 
the use of norepinephrine in the cardiac arrest victim," we 
ympared norepinephrine with epinephrine i in patients 
h out-of-hospital VF. _ 
4 consecutive series of 50 patients with out-of-hospi- 
VF were enrolled in the study when 3 rapidly and 
mnsecutively administered direct-current shocks (200, 
360 J) failed to convert VF. Epinephrine (1 mg) and 
inephrine (1 mg) ampules of identical appearance 
arranged using random numbers and were used 
msecutively. This prospective study was approved by 
institutional committee on human experimentation. 
‘diopulmonary resuscitation was performed by an 
emergency physician strictly according to the 1986 
-American Heart Association recommendations. The 
-drug was injected into a peripheral vein or into the exter- 
nal jugular vein. Another shock (360 J) was performed 
60 to 90 seconds after drug administration. When the 
t catecholamine dose failed to restore spontaneous 
lation, all patients were resuscitated according to 


thi guidelines for advanced life support. Patients who 


initially failed to respond to drug treatment but who 

later responded to continued conventional advanced life 

ipport were included in the outcome data. Resuscita- 

n was considered to have been initially successful 

n, with or without dopamine therapy, the hemody- 

c state of the patient was stable for 212 hours 

olic blood pressure >80 mm Hg). To test signifi- 

, a 2-tailed chi-square test was used for nominal 

and Student's t test for interval data. A p value 

0.05 was considered statistically significant, All values 
mean + standard deviation. 


No significant demographic differences wel 
between the epinephrine (n = 25) and norepineph 

= 25) groups: mean age 68.2 + 12.4 and 638 + 
years, male to female ratio 9:25 and 8:25, witne 
arrest 14 and 12, response time (time from call for 
to physician arrival) 5.8 + 3.0 and 5.4 + 2.6 minute 
Witnessed arrest was defi ned as occurring when the 
lapse was directly seen or heard. Before the arrival o 
emergency physician, 10 patients in the epinephrine 
1] in the norepinephrine | groups received cardiopu 
nary resuscitation. All patients had evidence of under 
ing cardiac disease. The external jugular approach wa. 
used in 9 of the epinephrine and in 10 of the norepinep 


rine groups. There was no difference in results betw 


the external jugular and | peripheral venous cannulati 
The time required for intravenous cannulation was 
proximately 2 minutes after the diagnosis of cardia 
arrest. Of the 50 patients investigated, 24 (48%) 
successfully resuscitated, whereas 26 (52%) died at th 
site of the emergency. Patients were statistically me 
likely to be resuscitated if given norepinephrine. An ini 
tial resuscitation success was achieved in 6 of 25 patie 
after epinephrine and defibrillation and in 14 of 25 Í 
tients after norepinephrine and defibrillation. As a re: 
of the fourth shock, asystole and electromechanical 
sociation were observed in 5 of 25 epinephrine and in 6 
25 norepinephrine patients. Fourteen epinephrine « ar 
norepinephrine patients stayed in VF after the fou. 
shock. Resuscitation rates after the advanced life 
port sequence were also significantly higher in the 
epinephrine (16 of 25) than in the epinephrine grou 
of 25). In the epinephrine group, the duration of re 
tation, until spontaneous circulation was restore 
<10 minutes in 6 patients and between 10 and 2 
utes in 2 patients. In the norepinephrine group, Spo. 
ous circulation was regained in 15 patients in <10.m 
utes, with only 1 patient having a resuscitation tim 
between 20 and 30 minutes. There was a trend towa 
higher hospital discharge rate in the norepinephrine | 
25) than in the epinephrine group (4 of 25). Inthe fir 
minutes after cardiopulmonary resuscitation, vent 


et lar rdysrhythenias were observed i in6 of 8 epineph ‘ine 




















iscitation, both Uepelonine VF, which was 
into | a stable rhythm after 2 direct-current 
f 200 and 300 J, respectively. 
‘delivery of defibrillation is most important for 
iccessful resuscitation of patients with VF. If VF is still 
nt after the third shock, epinephrine is recommend- 
to increase coronary perfusion pressure and hence 
ardial blood flow, in order to achieve a better basis 
defibrillation and restoration of spontaneous circula- 
ont A number of vasopressor agents for improving 
ocardial oxygen delivery during cardiopulmonary re- 
scitation have been tested in animal experiments.* 
7 comparing epinephrine and norepinephrine in 
gs suggest that improvement in myocardial hemody- 
lics appears to occur when £> agonist properties are 
cing or minimal.} We showed, in pigs with VF, that, 
estoration of spontaneous circulation, norepinephrine 
effective in a significantly shorter time than was 
phrine. 6 Epinephrine and norepinephrine i in a dose 
mg led to the same increase in coronary perfusion 
essure. In our investigation, defibrillation after norepi- 
administration led to a higher resuscitation suc- 
ate than after epinephrine. As observed in animal 
riments, norepinephrine led to a higher incidence of 
icular dysrhythmias requiring lidocaine treatment 
| the first minutes after resumption of spontaneous cir- 
ion.* Rearrest frequency was not different between 
ie groups. This may also have been influenced by lido- 
caine treatment. | 
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whether v we e would have achieved the § same ale ; 
different dose of epinephrine or norepinephrine. Becau: 
no previous blinded investigation of norepinephrine fe 
resuscitation of the fibrillating human heart is available, 
we used only | norepinephrine dose in our algorithm. . 
Furthermore, nothing is known about the pharmaccki- — 
netics of repeated norepinephrine administration during i 

cardiopulmonary resuscitation in humans and the possi- 
bility of severe cardiac dysrhythmias in the immediate 
phase after resuscitation. We conclude that the use of _ 
norepinephrine in the treatment of VF may be superior to — 
epinephrine, but the optimal dose and the time interval | 
for repeated administration have yet to be determined. 
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2ulmonic Valve Atresia 


j Edward J. Baker, MD 


ı patients with pulmonary atresia (with or without a 
entricular septal defect), a series of operations are 
L to achieve complete repair. These often include 
Isystemic to pulmonary artery shunt, followed by 
onary valvotomy or a patch or a conduit to estab- 
ht ventricle to pulmonary artery continuity, and by 
sure of the shunt and correction of any other defects. 
With the advent of newer interventional techniques, a 

r of congenital anomalies can be treated without 
gery. Until now, pulmonic valve atresia was consid- 
ed to lie beyond the scope of such interventional trans- 
eter treatment, because of the inability to perforate 
he atretic valve safely. We report our initial experience 
f transcatheter laser-assisted pulmonic valve dilation in 
‘Children with pulmonic valve atresia. 
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anscatheter Laser-Assisted Balloon Pulmonary Valve Dilation in 


keel A. Qureshi, MB, MRCP, Eric Rosenthal, MD, Michael Tynan, MD, Rui Anjos, MD, 


Transcatheter laser-assisted pulmonic valve dilation .. 
was attempted for pulmonic valve atresia in 5 childrer 
aged between 5 days and 2 years (Table I). All ha 
pulmonic valve atresia, with confluent central puli 
nary arteries: 2 had an associated ventricular septal de= 
fect (patients 1 and 2) and 3 had an intact ventricular > 
septum (patients 3 to 5). In patient 1, the central pulmo- _ 
nary arteries were also supplied by 1 major aortopulito: 













TABLE ! Clinical Data 


Weight (kg) _ 
& Sex 


Balloor: 
Size (mm) 


Prior 


Diagnosis Surgery 


ular septal eet: . 





nary collateral arteries. A modified right Blalock-Taus= 


ig shunt with a 6-mm graft had been performed when 
patient 1 was aged 17 months. Patient 2 underwent a 
modified left Blalock-Taussig shunt with a 5-mm graft. 
In patients 3 and 4, the right ventricle was hypoplastic 
:and both patients were dependent on the ductus arterio- 
‘sus. Patient 5 also had a hypoplastic right ventricle and 
had a modified left Blalock- Taussig shunt with a 5-mm 
ift when he was 2 days old. When he was 10 months 
id, he developed increasing cyanosis, hepatomegaly and 
sites because of a restrictive foramen ovale that re- 
ted in a dilated right atrium and a moderate pericar- 

il effusion. 
‘Cardiac catheterization was performed percutane- 
! by the femoral venous and arterial routes under 


anesthesia in all patients. Usually a 5 or 6Fr 


rpose catheter was inserted through the venous 

th and a SFr multipurpose catheter through the 

il sheath. Angiography was performed in the right 

ular body or infundibulum, in the anteroposterior 

nd lateral projections through the venous catheter. The 
terial catheter was positioned in the main pulmonary 

artery through the Blalock-Taussig shunts in 3 patients 

_and through the ductus arteriosus in 2. Angiography was 
performed in the pulmonary artery in the same projec- 

tions. The pulmonary valve ring diameter was measured 
giographically. In each patient, the venous and arteri- 

1 catheters were positioned close to the valve: 1 was used 

pass the laser guidewire and the other was used as a 
dmark. The laser wire consisted of a 0.018-inch Tef- 
m™-coated guidewire, containing a 116-ym optical fi- 

nd terminating in a 0.5-mm metal tip. The optical 

er was interfaced with a Nd-YAG laser generator 
irdiolase 4000, Trimedyne Inc., Santa Ana, Califor- 

). In 3 patients (nos. 1, 3 and 4), the laser wire was 
‘oduced anterogradely and in 2 (nos. 2 and 5) retro- 
radely. The laser wire was passed a few millimeters 

-beyond the catheter tip until it was in contact with the 
valve. The laser energy was delivered continuously at 3.5 

-W as the wire was advanced across the valve. Once the 


laser wire was across sihe rahe. a à predilating 
was passed over it, and this was followed by seri 
tion of the valve using appropriately sized balloo. 
the pulmonary valve anulus (Table I). Figures 1 a 
show some of the details in patients 3 and 5, respecti 
In patient 4, the laser wire did not cross the valve 
entered the pericardial cavity. No further attempts y 
made to cross the valve. | 
Successful laser-assisted pulmonic valve dilati 
was accomplished in 4 patients (nos. 1, 2, 3 and 5 
whom the laser wire crossed the valve after deliver 
energy for 3 to 5 seconds. The duration of the proc 
was 3.5 to 5 hours. There was an increase in pulmor 
artery pressure or a decrease in right ventricular p 
sure, with little change in systemic arterial pressure 
ble II). Afterward, patients 1, 2 and 5 were ventila 
the intensive care unit for 1 to 3 days before being 
turned to the ward. Patient 1 was discharged aft 
days, patient 2 after 10 days and patient 5 after 2 we 
In patient 3, shortly after the laser wire was snared i in 
descending aorta, cardiac tamponade developed, whi 
responded to percutaneous needle pericardiocentes, 
After hemodynamic stability had returned, dilation wi 
balloon catheters was achieved uneventfully. Two days 
later, the arterial duct had become smaller, despite con- 
tinuation of prostaglandin infusion, and balloon dilation 
of the duct was therefore performed with a 3.5-mm ba 
loon catheter. Patient 3 was extubated 15 days later. i 
patient 4, who had coexistent infundibular atresia, tl 
laser wire passed into the pericardium from the infu 
dibulum and caused immediate cardiac tampona 
which responded to needle aspiration. After hemod) 
namic stability was achieved, this patient underwent 
systemic to pulmonary artery shunt operation, but die 
on the operating table. a 
During a short 2- to 6-month follow-up of the ce 
successful patients, the Doppler-estimated pressure 
drop across the right ventricular outflow ranged between 
50 and 70 mm Hg, and there was evidence of pulmon 
regurgitation in all patients. In patient 5, the pericardi 
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ry artery (middle) define the landmarks. After 


$sisted pulmonary valve dilation, right ventricular angiogram (right) shows forward flow into the pulmonary artery. 


n and ascites resolved. Transcutaneous oxygen 
ations in the 4 patients ranged from 70 to 87% and, 
ent 3, the ductus arteriosus had closed. 

The first cardiac laser application was for an intraop- 

erative pulmonary valvotomy in 1974.' Since then, sever- 

-al investigators have evaluated the technique experimen- 

- tally,23 but not clinically in children. In adults, bare fiber 

-Jaser and “hot tip” laser thermal probes have been used to 

` recanalize peripheral artery occlusions with variable suc- 
a cess.45 

= In patients with pulmonary atresia and an intact ven- 

` tricular septum, the hospital mortality for palliative oper- 

ations (shunt with or without valvotomy) is approximate- 

10%.6 Some patients may require further palliative 

erations, either during the same admission or over the 

t few years. The subsequent definitive repair may 

è a hospital mortality rate of 25 to 50%.° In patients 

h pulmonary atresia associated with a ventricular sep- 

1 defect, major aortopulmonary collateral arteries and 

fluent central pulmonary arteries, a staged surgical 

approach is frequently required in order to achieve a 

ymplete repair. The 10-year survival rate in the series 

reported by Kirklin et al’ was 69% in this group of pa- 








: TABLE il Pressures (mm Hg) Before and After Pulmonic 
Valve Dilation 














Right Pulmonary Artery 
Ventricie(s)- {s/d) Aorta (s/d) 
Pre Post: ` Pre Post Pre Post 












106/43 115/45 





100/55 96/50 
90/27 85/25 
7 110/40 * 
20. 96/34 — 


90/40 







< * Unsuccessful valve dilation. 


L d= end diastole: s= peak systole. o =- 





In this small preliminary series, our initial objective. 
was to determine whether laser-assisted valve dilation _ 
could establish anterograde flow across the atretic pul- 
monic valves. In the long term, we need to establish | 
whether the right ventricle and pulmonary artery will 
increase in size. Some of our initial patients had already 
undergone palliative shunts, and their outflow tract anat- 
omy was considered suitable for the future creation of 
surgical right ventricular to pulmonary artery continuity. 
In our first 2 patients, having established anterograde 
flow across the pulmonary valve, we hoped to achieve 
closure of the ventricular septal defect without an interim 
operation on the right ventricular outflow tract. Thus, we 
were encouraged to attempt laser-assisted pulmonic valve 
dilation and dilation of the ductus arteriosus in order to 
avoid any palliative surgery in patients with pulmonary 
atresia and an intact ventricular septum. Patient 3 has 
thus far avoided any form of palliative surgery and we are 
monitoring her right ventricular function. Although pa- 
tient 5 had a surgical shunt established in the neonatal 
period, this patient may likewise not need further opera- < 
tions, as the shunt could be occluded nonsurgically when ` 
indicated. In retrospect, we feel that patient 4 was unsuit- — 
able for laser-assisted pulmonic valve dilation, because of 
the combination of infundibular and pulmonic valve atre- 
sia. This reduced the safety margin when the laser guide- 
wire was directed toward the pulmonary artery. : 

We believe that our first objective of establishing an- - 
terograde flow across the pulmonic valve has been — 
achieved and that laser-assisted valve dilation is feasible — 
in neonates, infants and children with pulmonic valve | 
atresia. However, it should be avoided in those with asso- | 
ciated infundibular atresia. Further follow-up is needed 
to determine whether our long-term objectives can be > 
achieved by this approach. 
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erectomy of Right Coronary Ostial Stenoses: Initial and Long- | 
rm Results, Technical Features and Histologic Findings 
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oronary angioplasty of lesions involving the right 
# coronary ostium has been limited by suboptimal 
early success and by high rates of both acute complica- 
tions and late restenosis.' In nonostial stenoses, direction- 
-oronary atherectomy appears to result in larger resid- 

ronary dimensions than does coronary angioplasty’ 
d may provide a potentially improved long-term out- 
me. To determine the immediate and long-term angio- 
aphic results of directional atherectomy in patients 
th right ostial stenoses, we attempted this procedure in 
consecutive patients with coronary stenoses within 3 

um of the right coronary ostium. 

_ Seven patients with New York Heart Association 
functional class III to IV angina were referred to the 
niversity of Michigan Medical Center for nonsurgical 
evascularization of stenoses involving the right coro- 
nary ostium. One to 4 months before detection of the 
ostial stenoses, 3 patients had coronary angioplasty of 
the midright coronary artery. After intracoronary nitro- 
glycerin, all patients had a stenosis >50% in PAET 

ithin 3 mm of the orifice of the right coronary artery.! 
After informed consent and pretreatment with aspi- 
rin, a calcium antagonist and 10,000 to 15,000 U of 
intravenous heparin, a 9.5 to 11Fr guiding catheter (De- 
vices for Vascular Intervention, Inc., Redwood City, Cal- 
rnia) was advanced to the right coronary ostium. A 
14-inch coronary guidewire was positioned across the 
nary stenosis and predilation performed with an un- 
ed standard angioplasty balloon (Figure 1). A 5 to 
atherectomy device (Devices for Vascular Interven- 
Inc.) was then positioned across the right coronary 
aand the guiding catheter was withdrawn into the 
nding aorta. Coronary atherectomy was then per- 
} red by the method previously described? until a sat- 


isfactory oai result was obtained. 

were monitored for evidence of abrupt closure a 
vascular sheaths were removed within 12 hours 
cessful atherectomy was defined as a <50% resid 
stenosis, tissue removal and the absence of in-hospita. 
ischemic complications. At the time of hospital di. 
charge, patients were maintained on aspirin and a calc 
um antagonist. Repeat coronary arteriography 6 months 
after the procedure was recommended. 


FIGURE 1. Top left, left ante 
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Sight Gneuryernal dilatation at the site of atherectomy. 
altos are expressed as mean £ standard deviation. 


oronary calcifi ic deposits were graded qualitatively 
to 3 scale, with 0 representing no calcific deposits 
t ot and 3+ representing mild, moderate and 
ive calcific deposits, respectively. End-diastolic 
obtained from the left anterior oblique projection 
trating the right coronary ostium were used for 
ative coronary analysis, with a computer-assisted 

d edge detection system.’ 
After formalin fixation, a hematoxylin/eosin stain 
used to assess overall cellularity and specimen mor- 
phology. VanGieson/elastin and modified trichrome/ 
rin stains were used to evaluate normal vascular com- 
ponents beyond the internal elastic lamina and throm- 
botic components, respectively. Quantitative histomor- 
jhometric analysis was performed manually on images 
ojected onto a magnetized digitizing tablet. Specimen 
ponents were divided into normal vessel wall con- 
ing the media, adventitia, lesion and thrombus. The 
: comprised (1) sclerotic, dense collagenic tissue 
only scant cellularity, with or without calcification, 
fibrocellular. areas with abundant viable cells, 
ooth muscle and macrophages, and (3) lipid-rich re- 
gions with necrosis and an amorphous extracellular ma- 

ix. Each specimen was planimetered in square milli- 
meters and expressed as a percentage of the total speci- 
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Two-dimensional intracoronary ultrasound imaging = 
of the right coronary ostium was performed before and — 
after corenary atherectomy in 1 patient with a 4.8Fr, 20- oo 
MHz catheter-based imaging transducer (Boston Scien- 1 
tific/Diasonics, Watertown, Massachusetts). ee 

Successful coronary atherectomy of the righ 
nary ostium was performed in 6 of 7 patien 
remaining patient, despite successful predilation 
standard coronary angioplasty, a 6Fr atherectomy de= — 
vice could not be positioned across the stenosis because 
the 9.5Fr guiding catheter provided insufficient backup. — 
No patient developed in-hospital ischemic complica- : 
tions. F 
In patients with successful atherectomies, the percent | 
diameter stenosis was reduced from 61 + 5 to 14 £ 16% | 
and the minimal luminal diameter increased from 1.7 + | 
0.4 to 3.2 + 0.8 mm (Table I). Coronary arteriography 
was repeated in all patients 6.2 + 2.7 months after suc- 

cessful atherectomy. One patient with an initial lesion ` 
length of 11.1 mm, coronary calcific deposits and a re- 
sidual 46% stenosis immediately after coronary atherec 5 
tomy developed angiographic restenosis (follow-up per 
cent diameter stenosis, 78%). None of the remäining 
patients developed restenosis. 

A total of 4 to 16 tissue fragments were Gbrained per í 
specimen. Normal vessel wall was identified in 5 of 6 
patients: 2 of these also had small amounts of ¢ adventi 
(Table ID). The major lesion components were fibr 
lular (39 + 14%) and sclerotic (28 + 14%). Lipid : 
components were infrequent (10 + 10%), a thrombus 
was rarely seen. z 

After predilation with standard coronary ‘avigioplist 
methods, intracoronary imaging demonstrated extens 
intimal thickening and atheroma in the region of th 
right coronary ostium (Figure 2). After coronary ather- 
ectomy,.an asymmetric resection of the ostial lesion was _ 
identified, but significant residual atheroma was still 
noted. 3 
The precise mechanism whereby coronary atherec- 
tomy results in improved coronary dimensions remains 
controversial? 3,5 Whereas atheroma resection mediates at- 
ovements in coronary dimensions, 
echanical dilatation by the- 


































URE Vie deena TRE dirasoiand mice of the right ctonary: asii after coronary 


y angioplasty. A, the 


aatan ‘will “sii Guten” miloi ie poshionad ba Wor contr of tha Largo. A kynarocha moai a Ged cn ce - 
clock and is consistent with thickened intima and atheroma. Echo “drop-out” is seen from 10 to 12 o'clock as a result of coro 
nary calcification. B, after directional atherectomy, the residual lesion in the coronary lumen has a scalloped appearance. De- 
nil marked improvement in coronary dimensions, significant atheromatous tissue remains. 


omy device and barotrauma resulting from the 
teral balloon inflation, may also be operative. Us- 

g quantitative angiographic methods after coronary 
rectomy, Safian et al’ demonstrated that the weight 
of tissue retrieved from the atherectomy device is insuffi- 
ent to account fully for the angiographic improvement. 
In the present series, 4 to 16 tissue fragments were re- 
trieved per specimen. Although not rigorously weighed, 
e size of the fragments was also insufficient to account 
ll of the improvement in coronary dimensions. Fur- 
rmore, despite the presence of media in 5 of 6 speci- 
nens, residual atheroma was observed with intracoro- 
nary ultrasound, suggesting that atheroma resection by 
onary atherectomy is incomplete. Although the safety 

of deep tissue resection has been reported,° more aggres- 
ittempts at complete atheroma resection may result 
onary perforation’ without angioscopic or ultra- 








Whereas restenosis after standard coronary angio- 
plasty may occur more frequently in patients with right 
al stenoses than in other coronary lesions,' restenosis 
lso been reported in nonostial stenoses after coro- 
therectomy.’ Although randomized trials will be 
red to compare the long-term results of these 2 tech- 
ues for restenosis, the results of this pilot trial are 
couraging. Further study into the role of coronary ath- 
omy in patients with right ostial stenoses is sug- 





In patients with right ostial stenoses, technical diffi- 
with guiding catheter intubation, lack of adequate 
), and inability to pass balloon dilatation catheters 
the stenosis are major limitations seen with both 
onary angioplasty and atherectomy. “urther refine- 


n guiding catheter and device Profile may esult i in 
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improved procedural success rates. Furthermore, the ad 
junctive benefit of coronary atherectomy may be difficu 
to determine if predilation with standard coronary angic 
plasty i is required. In the majority of patients in this pilo 
series, intraluminal haziness prevented application 

standard computer-assisted edge detection algorithms t 
lesions after balloon dilatation. After coronary atherec 
tomy, the arterial borders were more distinct, allowing 
application of the quantitative arterial program. Thus, in — 
addition to its effects secondary to balloon dilatation, — 
adjunctive atherectomy may permit removal of intracor- 
onary debris and potentially provide a less platelet-reac 
tive surface for subsequent platelet aggregation ai i 
thrombosis. : 
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its into the Me haniem of Luminal liiprovement After 
ional Coronary Atherectomy 


lar F. Penny, MD, Dwayne A. Schmidt, MD, Robert D. Safian, MD, Raymond E. Erny, MD, : we 
Donald S. Baim, MD 


ectional coronary atherectomy (DCA) i is effective 
yin improving the luminal diameter of diseased pe- 
eral and coronary arteries.'-} The luminal i improve- 


orded by DCA is presumed to result primarily 
je removal,* but the contribution of ‘concomitant d 


luminal volume was then estimated, assuming a 
dric cross section and using an area-length calc 
applied to views both be mal and after atherectomy 


chanical dilation has not been determined. To study oe vom myin incubi 
mechanism of coronary lumen enlargement by DCA, biplane lumina 


amined the relation between the amount of tissue 
ved and: the change in vessel caliber after ather- 


onis: undergoing DCA at Beth Israel Hospital 
february 1989 and April 1990 were enrolled in 

ly. The atherectomy catheter used (Simpson 

} roCath®, Devices for Vascular Intervention, Inc., 


'edwood City, California) consists of a rotating cup- 
iped cutter housed within a windowed cylinder, with 
sing 2.0-mm balloon that may be inflated to a 
eof up to 40 pounds per square inch during cutter 
ancement. Selection of device size (6 or 7Fr) was 
ed m the diameter of the reference segment, with the 
nber of passes determined by the amount of residual 
sis after initial atherectomy cuts, as previously de- 
d.! A successful atherectomy was defined as: (1) 
ue removal, (2) residual vessel stenosis <50% after 
tomy without resort to angioplasty, and (3) the 
of major complications (death, Q-wave myocar- 
nfarction or emergency bypass surgery). 
Tissue specimens retrieved from the device capsule 
ing atherectomy of native coronary artery or saphe- 
in bypass graft stenoses were placed on a Telfa™ 
o adsorb adherent fluid and then transferred imme- 
to sealed, previously weighed vials containing 
saline. Tissue weights were subsequently deter- 
fusing a Mettler analytic balance, and tissue vol- 
vas estimated from the incremental vial weight, 
ting a tissue specific gravity of 1.0 mg/mm?. In 
case, the tissue was then fixed in formalin and 
itted for pathologic analysis. 
iograms of the vessel segment were obtained be- 
and after atherectomy in all cases. Frames that 
nstrated the vessel stenosis at its most severe were 
th identical projections obtained after atherec- 
-The angiographic lumen was hand-traced and 
netered from optically magnified projections of the 
phic frame, and dimensions were calculated us- 
é guiding cc ae as a reference. The increase in 


age of the values determined from 2 separate 
Diameter stenosis before and after atherectomy was 
determined with digital calipers (Digital Electron 
ma Sandhill, Inc., Littleton, Colorado). T 
“atherectomy index” was calculated for each | 


E o as the ratio of removed tissue volume to the 
‘in luminal volume. An index of 1.0 would thus 


spond to “pure” atherectomy, in which all lumina 
provement was due to tissue removal. An index of. 
would correspond to pure dilation, and values betw 
0 and 1.0 to combinations of tissue removal and 
lation. 

Fifty-six patients underwent DCA during the stu 
period. Tissue specimen weights were obtained i 
patients, 39 of whom were included in the investiga 
Seven patients were excluded: 2 with inadequa 
graphié data, 2 with tissue weight determinatio 
ing >1 lesion, 2in whom luminal volume estimat 
complicated by vessel branching, and 1 inwhom ath 
tomy was unsuccessful. > 

The atherectomy procedures in the 39 study pai 
were successful in reducing mean luminal steno. 

77 + 12 to 4 + 17%. Thirty-five procedures we 
formed in native coronary arteries (31 left anterio 


ba a 










Atherectomy Index 


ypas g 0.7 mm. Calculated change in luminal volume 
‘cin Hb 19 to 1 86 mm Sie 72 + 37 mm”). 


eien ne eeteleinne All volume determinations 
ere thus based ona single “worst view” analysis. Tissue 
eights ranged from 6 to 45 mg (mean 16.5 + 8.5 mg). 
he mean atherectomy index was 0.28 + 0.18, ranging 
ram 0.07 to 0.92 (Figure 2), with no correlation between 
he volume of tissue retrieved and the change in luminal 
volume (r = 0.13, difference not significant), or between 
therectomy index and reference vessel size (r = 0.19). 
DCA provides effective revascularization of stenotic 
heral and coronary arteries and vein grafts, afford- 
ig less residual stenosis than that usually achieved by 
onventional balloon angioplasty. Although it has been 
stated‘ that the fundamental mechanism of DCA is the 
excision of the plaque encroaching upon the vessel lumen, 
tissue removal may not account for all of the observed 
improvement in luminal dimensions. Alternatively, a sig- 
nificant component of the lumen enlargement might re- 
. ult from mechanical dilation, either by the “Dotter” 
ect, associated with passage of the high-profile (2 to 
nm) atherectomy device, or by the low pressure (20 
0 psi) balloon inflations performed during cutter 
$. This latter effect may be especially important 
e atherectomy cuts have extended to or through the 
ernal or external elastic lamina, or both, increasing 
erial compliance and enhancing susceptibility of the 
sel to dilation by the atherectomy catheter balloon. 
1 stologic analysis shows that deep cuts such as these are 
ommon in clinical atherectomy procedures.'~ Improve- 
nt in vessel lumen by a combination of atherectomy 
“facilitated mechanical angioplasty” (Figure 3) 
ould involve preferential expansion of the bases of the 
atherectomy cuts. Compared with the random cracking 
‘of plaque seen with conventional balloon angioplasty, 
preferential expansion may explain the relatively smooth 
RP appe rance o vessels. after atherectomy. 
i a a s underwent successful 
theroCath®, with improvement 
rh val of atheromatous plaque 
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FIGURE 3. Schematic of the proposed mechanism for im- o 
provement in vessel lumen by a combination of atherectomy 
and facilitated mechanical angioplasty. 





from the vessel wall. In all cases, however, the improve- 
ment in luminal volume was greater than that which - 
could be-explained by the volume of tissue removed. The _ 
atherectemy index (which relates the amount of tissue — 
removed to change in luminal volume) was thus <1.0 in 
all cases, and averaged 0.28 for the group as a whole. This- 
finding suggests that the improvement in lumen seen- 
after DCA results only partially from the removal of 
tissue from the vessel wall, with mechanical dilation play- | 
ing an important adjunctive role. In fact, the atherectomy _ 
index was <0.5 in 35 of 39 cases, suggesting that the _ 
Dotter effect or balloon inflation, or both, accoun! 
most of the improvement in luminal volume. Ne 
The failure of atherectomy as currently performed to. 
produce a decisive reduction in the rate of subsequent — 
restenosis! may be related to this considerable amount of 
concomitant vessel dilation. Reduction in restenosis rate — 
might require the development of devices that can safely 
remove more atheroma without relying on concomitant 
vessel Panon, possibly using intravascular ultrasonic 
guidance.® : 
Several limitations may have influenced the values 
calculated in this study. (1) Vessel segments with eccen- 
tric or irregular stenoses may appear to have a larger- 
lumen in certain projections than is actually present. The . 
selection of angiographic views to show each stenosis at — 
its most:severe tends to counteract this potential artifact — 
in the views before DCA. (2) If the lumen cross section — 
after atherectomy were markedly irregular or “clover- 
leafed,” rather than circular, the luminal volume after the - 
procedure might still be exaggerated by the angiogram, . 
overestimating the true increase in luminal volume ar 
artifactwally lowering the atherectomy index. (3) ’ 
method used to calculate changes in luminal volume is- 
geometrically sound, but has yet to be validated on appro- | 
priate phantom vessels. (4) We assumed an overall specif- ` 
ic gravity of 1.0 for plaque, although calcific and lipie 
laden components within the plaque have specific gr 
ties above and below the assumed value of 1.0. Given 
marked disparity between tissue and angiographic vo 
umes, however, even 20% (e.g., 0. 8 to 1.2) error 
sumed specific gravity or similar systematic errors in- 
measured luminal volume. would not significantly affect = 
the overall observation that | ific mi 
nal improvement after co: 
from mechanical dilation i ir 

































y atherectomy results. 
dition to tissue removal. : 
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ite Complications Associated with New-Onset Atrial Foa l 


rold Z. Friedman, MD, Scot F. Goldberg, MD, John D. Bonema, MD, David R. Cragg, MD,- 
} Andrew M. Hauser, MD 


rial fibrillation (AF) is a common cardiac arrhyth- 
-having an estimated prevalence in the general 
opulation of 0.4%.! However, in patients aged >60 
the prevalence increases to 2 to 4%.? The initial 
igeme ant of new-onset AF is controversial and varies 
g institutions and physicians. Because acute AF 
occurs in elderly patients, and is frequently associ- 
ated with serious organic cardiac disease,’ these patients 
are often admitted to a monitored critical-care bed. The 
riteria for admission to a monitored cardiac unit have 
een described. To identify clinical variables that 
tht allow identification of patients at low and high risk 
r developing cardiovascular complications, all patients 
ith symptomatic new-onset AF admitted from the 
mergency department to a telemetry or intensive care 
were prospectively studied. 
All patients admitted from December 1987 to March 
89 to a medical telemetry or intensive care unit with, 
presumably, acute-onset AF were identified. This diag- 
is was determined by the patient history, inspection of 
available electrocardiograms and physician inter- 
view. Patients were excluded if AF occurred incidental to 
oexisting medical problems that would have indepen- 
dently necessitated hospitalization or if symptoms were 
esent for >48 hours. Of 108 patients consecutively 
screened for enrollment, 9 were excluded from the study: 
ients presented with respiratory failure requiring 
chanical ventilation, 2 with theophylline toxicity, 2 
with electrocardiographic evidence of acute myocardial 
infarction, 1 with a subarachnoid hemorrhage, and 1 in 
hom cardiopulmonary arrest had occurred. The re- 
ing 98 patients constituted the study group. 
ixty-seven variables were assessed from informa- 
btained during the admission history, initial physi- 
ination, laboratory assessment, chest roentgen- 
and electrocardiogram. M-mode and 2-dimen- 
echocardiographic data, serial total and serum 
-kinase-MB levels were also assessed. Duration 
wrhythmia, method of conversion to normal sinus 
m and the occurrence of any clinical complications 
luated daily. An adverse event was defined as 


any condition that developed which was potentic 
threatening or prolonged the hospital course. 

The patients were subsequently assigne 
a complicated group having =1 morbid even 
uncomplicated group having a benign hospital 
Group t test statistical analysis was applied to the 
tinuous variables. The 1-sided Fisher exact test 
plied to the remaining discrete variables. Multipl 
gistic regression analysis was also used to identif 
ables that would select patients at risk for develo, 
complications. Statistical significance was define 
<0.05. All results are expressed as mean + standi 
deviation. a 

Mean age of the 98 study patients (52 men 
women) was 69 + 14 years. Eighteen patients (189 
a total of 46 clinical complications and they co. 
the complicated group. Among these 18 patie: 
veloped new or progressive congestive heart f 
hypotension (2 required emergency electrical c 
sion), 8 Lown class IV ventricular ectopy, 6 respi 
fai lure, 4 angina pectoris, and 1 had electrocardi 
ic evidence of myocardial infarction. No strokes or 
bolic phenomena occurred. Six patients (6.1%) d. 
ing hospitalization. The mean age of the compl. 
group was 75 + 11 years and there were 11 men (€ 
and 7 women (39%). Eighty patients (82%) (4 
[51%] and 39 women [49%]) had an uncom 
pital course and comprised the uncompl : 
Mean age of this group was 68 + 14 years (p 

Among the 67 variables examined, 25 were i 
by univariate analysis as significantly different be 
the groups (Table I). Variables found more frequent 
the complicated group included advanced age, dyst 
fatigue and history of smoking. Findings indic 
left ventricular dysfunction or congestive heart fa 
history, examination or previous medical therapy 
significantly more frequent in the complicated gr 
Chest roentgenography suggesting pulmonary edema 
congestive heart failure, left bundle branch block. 
initial electrocardiogram, echocardiographic evide 
left atrial enlargement (>40 mm) or severe left v 


-lar dysfunction, elevated total (more than two 
crease) and MB fractio 1 creatine kina se leve 

s -successful conversion mal s 

ee linked with complic 


Complains that 


: cated i group inclüded I 





g phic studies. Fi ifty-six pa- 
-had successful conversion to 
hm within 48 hours in contrast to only 

i the complicated group. 
le logistic regression analysis showed that 
of the variables considered, the presence of 
ugular venous distension (p <0.005), a mitral 
citation murmur (p <0.05), and elevation of creati- 
‘inase~-MB fraction (p <0.02) were significantly 

ated with an adverse outcome. 


(74%) a and: an additional 4 


rhythmic therapy. Treatment had n 

outcome. Cardiac diagnoses at the ti. 

listed in Table II. Coronary heart d. 

out acute myocardial infarction accounted 
diagnoses. A diagnosis of acute myoca 
cardiomyopathy of undetermined etiolog 
ated with greater risk for subsequent morbi: 
<0.02 and p <0.03, respectively). Noun 
diagnosis was identifi ed i in 36 5 -patients (36%) 


EI Cinical Variables Associated with Major Complications by Univariate eToys 


Complication 
(n = 18) 


75411 
2(11%) 
14(78%) 
4 (22%) 
e 10 (56%) 
ausea or vomiting 5 (28%) 
istory of heart failure 7 (39%) 
moking history 11 (61%) 
rent digoxinuse 6 (33%) 
n it antiarrhythmic use 2(11%) 
ugular venous distension 7 (39%) 
ripheral edema 8 (44%) 
ulmonary rales 10 (56%) 
eft bundle. branch block 5 (28%) 

hest roentgenography 

Pulmonary edema or CHF 7 (39%) 
rep n *% 8 ( 44%) 


9 (50%) 
6 (33%) 
14 (78%) 
8 (44%) 


ao . Severd dysfunction 4 (22%) 
2 -Conversion to sinus rhythm 


No Comalication 
(n= 80) . 


29 (36%) 2 -o 80.04 
42 (53%) a, BOG <0.05 
40 (50%) = <0.03- 
25 (31%) 69.05 
46 (58%) | —  €0.03 

4 (5%) p o o a <00 0005 
22 (28%) Pang th. o fac xp 

7 0%) 

0 

5 (6%) 
14(18%) 
21 (26%) 

34%) 


12 (15%) 
55 (69%) 


17 (21%) 
9 (11%) 


35 (44%) 


51 (64%) 
4 (5%) 


<6 hours - 
- 6-48 hours: 
= No conversion 


3 (17%) 
5 (28%) 


8 (44%) 


23 (29%) 
33 (41%) 


17 (21%) 


5 3 CHF = congestive heart failure; NS = not significant. 


BLEN Discharge Diagnoses 


Complication No Complication 


ae Diagnosis 


-. Coronary artery decas 
Without infarction 
Acute infarction 
on Cardiomyopathy 
Alcoholic » 
_. Idiopathic 
‘Systemic hypertension 
-Mitral valve disease 
COPD exacerbation 
Postaortic valve surgery 
Postcoronary bypass surgery 
Sick sinus syndrome 
Thyrotoxicosis | Ps, ad 
Acute alcohol. ingestion T 
None established e 


(n= 18) 


3 (17%) 
5 (28%) 


2(11%) 
5 (28%) 
0 

1 (6%) 


Pi ae Sa 
NS= nok twat l meieni 


(n = 80) 


13(16%) 


5 (6%) 


3 (4%) 
6 (8%) 


9(11%) 


4%) 
2 (3%) 





nour study, the mean. age, sex x distribution ‘na final 


iagnoses are in accordance with previous acute AF stud- 
4 However, these investigations have been either ret- 
ospective, involved small populations or failed to docu- 
in-hospital outcome. Previous work has also demon- 
ed that the traditional indicators of acute myocardial 
ia are reliably present in the setting of new-onset 
d predict greater adverse cardiovascular morbidity 
mortality.>-? Consequently, patients displaying any 
nce of myocardial ischemia or acute infarction were 
erately excluded. Nevertheless, 15% of patients did 
op enzymatic evidence of non-Q-wave myocardial 
ction demonstrating the importance of a conserva- 
management strategy favoring admission of patients 

h an ischemic or atypical history of chest pain. 
Patients who present with symptomatic new-onset AF 
ho manifest a history, physical signs or other evi- 
of significant heart failure are at higher risk for 
ping acute, possibly life-threatening complications. 
east 1 of 4 variables present at the time of the initial 
tion—jugular venous distension, pulmonary rales, 
vheral edema or a history of congestive heart fail- 
ure—was detected in 13 patients (72%) in the complicat- 
ed group, whereas these findings occurred in only 28 
ients (35%) in the uncomplicated group. Moreover, 
patients (11%) in the complicated group had suc- 
ssful conversion to normal sinus rhythm within 6 hours 
ontrast to 23 of 80 patients (29%) in the uncomplicat- 
d group. Taken together, these 5 variables or “risk fac- 
’ can be ascertained within 6 hours of presentation. 
The presence of = 1 of these 5 risk factors correctly identi- 
fied all 18 patients who subsequently developed complica- 
ons (sensitivity = = 100%, specificity = 21%). Conversely, 
7 S (17%) of the total enrolled in the study had 


tions (negative predictive value = 100%). 
Approximately 18% of patients presenting 
with symptomatic new-onset AF are at risk f 
quent adverse events. Patients who demonstrate a hi 
signs or symptoms of heart failure are at highes 
complications and should be preferentially direct 
monitored or intensive care setting. Conversely, > 
symptomatic patients who lack clinical fi indings 
ventricular dysfunction may revert to normal 
rhythm within 6 hours and appear to be at parti 
low risk for cardiovascular morbidity. Because the 
sequent complication risk is low, outpatient or br 
tient management may be feasible in such cases 
the safety and efficacy of this approach, ne e 
study. : 
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;ulmonary artery hypertension in patients with mi- 
ral stenosis is frequently out of proportion to the 
of pulmonary venous hypertension, reflecting an 

e in pulmonary vascular resistance. Surgical de- 
ion of the left atrium by closed mitral valvotomy 

itral valve replacement has often resulted in 
egression of pulmonary hypertension. b? Percu- 
alloon mitral valvuloplasty has proved to be an 
a for the relief of obstruction i in n patients 


lar resistance. However, the relation of changes in pul 

nary artery hypertension to the time course of changes 

pulmonary venous hypertension and vascular resistance 

not clear. In this report, we analyze and discuss our de 

to clarify this issue. < 
These data pertain to 53 patients (19 men, 34 wom 

ranging in age from 11 to 35 years) with isolated, nonc 

cific, severe mitral stenosis in whom balloon mitral ti 

vuloplasty was performed in our center during the I. 

years with an anterograde transeptal approach s 

to that described by Lock et al? Complete hemöt 

data were obtained, including oximetries, and 

tricular angiograms were recorded before ar 

“ procidure: A egies bash y fo | 











med at I week; 19 of the 24 patients were restudied 
o 12 months after the procedure. 

mediately after balloon mitral valvuloplasty, pul- 
ary artery pressure decreased from 45.9 + 13.4 to 
- 12.9 mm Hg (p <0.001) and pulmonary artery 
se pressure decreased from 29.0 + 5.4 to 124+ 4.1 
1 Hg (p <0.001). Pulmonary vascular resistance did 
ot change significantly (7.3 + 7.1 before and 5.8 + 5.0 U 















post), at 1 v esk and at 3 to 12 months after per- 
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was similar to that in dey eal deat ne wade pressure. 
The mitral valve area increased from 0.71 + 0.25 to 1.9 
+ 0.8 cm? (p <0.001) and the cardiac index remained 
unchanged (2.9 + 0.85 vs 3.1 + 0.88 liters/minjm’). — 
The time course of changes in pulmonary artery pres- 
sure, wedge pressure and vascular resistance was ana- 
lyzed in 19 patients (18 treated with single-balloonand 1 = 
with double-balloon techniques) with 4 serial sets of 
observattons made before, immediately after, at 1 week 
and at 3 to 12 months after the procedure (Figure 1, - 
Table D. Pulmonary artery pressure (Figure 1A) de- | 
creased immediately after balloon mitral valvuloplasty 
(from 47.5 + 12.9 to 32.6 + 13.5 mm Hg; p <0.001). At 
1 week there was a further decrease in pulmonary artery -© 
pressure {to 26.1 + 8.7 mm Hg, p <0.05) but no change 
after 1 week (28.2 + 8.1 mm Hg at 3 to 12 months). 
Mean pulmonary artery wedge pressure (Figure 1B) de- . 
creased significantly immediately after balloon mitral — 
valvuloplasty, from 29.2 + 4.9 to 14.0 + 3.8 mm Hg (p 
<0.001), was not changed at 1 week (13.7 + 3.9mm Hg; 
difference not significant) and increased slightly at.3 
12 months (18.0 + 5.4 mm Hg; p <0.05) beca 
restenosis of the mitral valve in 4 patients. Pulmonai 
vascular resistance (Figure 1C) changed insignificantly. 
immediately after balloon mitral valvuloplasty (7.4 + © 
5.0 to 5.6 + 3.6 U, difference not significant). At 1 week, - 
the decrease in pulmonary vascular resistance became ` 
statistically significant (4.0 + 2.6 U, p <0.05) and did ` 
not change significantly on further follow-up (3.3 + 1.7 
U at 3 te 12 months). The decrease in mean pulmonary 
artery wedge pressure (from 29.2 to 14.0 + 15.1 mm Hg) — 
was very similar to the decrease in mean pulmonary ` 
artery pressure (from 47.5 to 32.6 + 14.9 mm Hg). In | 
individual data, the decrease in pulmonary artery pres- 
sure was similar to that in pulmonary wedge pressure, 
especially in patients whose pulmonary vascular resis- _ 
tance was <5 U and whose pulmonary artery diastolic - 
pressure was similar to their pulmonary wedge pressure. 
The serial changes in pulmonary vascular resistance 
were mere striking in patients with baseline pulmonary 4 
vascular resistance 25 units (Table I). e 
Two patients developed acute mitral regurgitation 
after the procedure. Their pulmonary vascular r 
tance remained unchanged immediately after ve 
plasty (11.6 and 4.2 U before and 11.4 and 4. 
respectively). At 14- and 5-month follow-up, th r 
monary vascular resistance increased to 16.7 and. 8. 5 U, si 
respectively. Their pulmonary artery pressure also in- 
creased after balloon mitral valvuloplasty. Four patients . 
had persistent atrial shunt after balloon mitral valvulo- — 
plasty. Overall, the presence of atrial shunt did not ap- 
pear to alter the sequential changes in pulmonary artery — 
pressure, wedge pressure and vascular resistance after 
balloon mitral valvuloplasty, except that the mean de- 
crease in pulmonary artery pressure immediately after 
balloon mitral valvuloplasty was less than that in pul- _ 
monary artery wedge pressure (3.8 vs 10.5 mm Hg). - 
Our data show that the decrease in pulmonary artery 
pressure immediately after balloon mitral valvuloplasty i 
largely passive, and is caused by the decrease in pulmo- 

























onary artery pressure is similar to thati in ı pulmonary 
edge pressure, especially in patients whose pul- 
nary vascular resistance is <5 U and whose pulmo- 
‘artery diastolic and wedge pressures are similar. 
monary artery pressure decreased steadily over the 
week or so and this decrease temporally coincided. 
h the decrease in pulmonary vascular resistanc 
nce, this second phase in the regression of pulmonary 
yertension is due to regression of ‘pulmonary vascular 
ance. Most of the regression in pulmonary artery 
tension as well as in pulmonary vascular resistance. 
urs in the first week after balloon mitral valvoplasty; 
ges after the first week are relatively small. Occur- 
f acute mitral. regurgitation caused an increase in 
onary artery pressure soon after balloon mitral val- 


~-voplasty and a gradual incre 
‘resistance over the next 3 to 1 mo 
atrial shunt did not appear to alter 1 
nary vascular resistance. significantly, ; 


he hanges 


decrease in pulmonary artery pressure was s less 


in pulmonary artery wedg sed 
nary blood flow may a 


: patients with critical 1 : 
catheterization was. performed a 


balloon mitral valvoplasty. They four 

artery pressure decreased immediately a 
dure (from 51 + 17 to. 40. + 14 mr ig) n 
was a further decrease on follow-up tio 354 1 


£ 1s l Serial Changes i in Hemodynamic Data After Mitral Balloon Valvuloplasty 


C Mean Pulmonary Artery: Pressure (mm Hg) 


3-12 


Mean Bollea) Anery Wedge P Pressure (mm Ho 7 


Months. 


4754129 32.6 + 13.5 26,1487 


Pulmonary Vascular Resistance (U) 


3-12 


Months 


28.2 48.1 


2924+49 14.0+ 3 8 


Mitral Valve Area (cm?) - 





mm He | ‘he m mean spon in ppl 
1 Enna after balloon mitral valvo- 


roc in m puimenery ees over the ne and pul x 
vascular resistance after l week are relatively s smal 


B comamissurotomy in: rheumatic mitral stenosis. N Engl J Med 1 
313:1 515-1518. 

4. Levine MJ, Weinstein JS, Diver. DI B a 

MJ, Safian RD, Grossman W, McKay RG. pcan improvement | 
nary vascular resistance. after pércptanogus aitia valvoplasty. Ci ‘ula 
1989;79:1068 - 1067. 





logic Intoxication Due to Digitalis-Like 


ance After Ingestion of Cooked Toad 


hyan Chern, MD, Ching-Ying Ray, BS, and Delon Wu, MD 


cation due to ingestion or 
thing of toads is well known to 
arians.' Dogs and cats devel- 

e symptoms that often result 
lethal outcome. Salivation, cya- 
omiting are common man- 

ions in dogs after toad inges- 
Neurologic symptoms may 
ate the clinical picture in se- 

S. In humans, mortality and 


ve disorders have been pre- 


observed.? Recently we en- 
da patient with cardiopul- 
arrest and severe bradyar- 
a after ingestion of toad 


ear-old male labor worker 
ansferred to our hospital 2 
ter a successful cardiopul- 
ssuscitation. He had been 
the day of admission, when 

-a bowl of toad soup 
lanosticus Schneider) that 
ewed with rice wine. Thirty 
later, he experienced nau- 
iting, dizziness, blurred vi- 

_ general weakness, which 
llowed by perioral numbness 
onsciousness. He was taken 
ital, where cardio- 
onary arrest was noted and he 
essfully resuscitated. On ar- 

systolic blood pressure was 

m Hg, heart rate was 46 beats/ 

nd body temperature was 

e neck veins were not en- 

gorged. The lungs were clear. The 
rt revealed no S; or S4 or mur- 
iver and spleen were not pal- 

There was no leg edema. An 
diogram revealed sinus ar- 

us Slowing with emergence 

fting atrial pacemaker and 


h » Section of Cardiology, Department 
ra Republi of China. 


August 14, 1990; revised 
d a accepted September 


high-grade atrioventricular block; 
the QRS complex was normal (Fig- 
ure 1A). 

The white blood cell count was 
29,900/mm? with a segment form of 
86% and a band form of 3%; the he- 
moglobin was 15.0 gm/dl. Analysis 
of the arterial blood gas showed a 
pH of 7.293, a partial carbon diox- 
ide pressure of 47.5 mm Hg, a par- 
tial oxygen pressure of 43.4 mm Hg, 
and a bicarbonate content of 23.0 
mEq/liter. Blood chemistry values 
were 223 mg/dl for glucose, 1.6 mg/ 
dl for creatinine, 129 mEgq/liter for 
sodium, 4.2 mEgq/liter for potassi- 
um, 51 U/liter for aspartate trans- 
aminase, 8.2 mg/dl for calcium and 
2.0 mg/dl for phosphate. Serum cre- 
atine kinase was 215 U/liter with 
100% MM fraction. A serum “di- 


goxin” level measured on admission — 


was 2.1 ng/ml (by fluorescence ener- 
gy transfer immunoassay). 

After an intravenous bolus of 1 
mg of atropine, heart rate increased 
to 110 beats/min and blood pressure 
to 100/70 mm Hg. The electrocar- 


-diogram showed a sinus rhythm at a 
rate of 107 beats/min and a Mobitz 
type I atrioventricular block (Figure 


1B). A bolus of 1 mg of atropine was 
given every 6 hours for the subse- 
quent 36 hours. An electrocardio- 


gram P i 9 hours afte 
mission showed sinus rhythm 
rate of 58 beats/min and first-de. 
atrioventricular block with a P 
terval of 0.22 second (Figure 
Three days after admission, the e 
trocardiogram was normal, w 


of 0.16 second (Figure 1 
symptoms subsided mrada illy 
the patient was asymptomati 
hours after ingestion of th 
soup. A repeat blood chemis 
hours after admission was com p 
ly normal. Follow-up serum dig 
levels were 0.7 ng/ml on day 
<0.4 ng/ml on day7. 

The dried extracts of the toad 
have been used as a cardiotoni Ag: 
in China (Ch’an Su) and in 
(Senso). Some local people in 
wan also consider toad soup al 
detoxicating agent and consi 
to purify the blood. The toa 
om contains many biologically 

substances that are secreted 

ly in the parotid gland, but:a 
present in skin and plasma.!4-6 T 
toxic effects of toad venom can 
attributed to the glycosidic por 

the bufotoxin complex. 2 The 

toms in our patient with naus 
vomiting, dizziness, blurred visio; 
mental confusion, hypotension and 
sinus arrest with atrioventricula 
block are similar to symptoms of clin 
ically severe digitalis intoxicatior 
The high serum digoxin level me: 
sured by fluorescence energy trat 
fer immunoassay is probably due 
cross-reaction of the glycoside-] 
substance with the assay. There is n 
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onan on this mbit aiid 7 a few comments* ny amin fy and Saran it : . ase 


Well all I know is just what 1 read i in the papers, : 
We have had a lot of Golf Players out here in California with us lately, they are just 


E playing a regular circuit of Tournaments. Why it’s like show business in vaudeville. All the 


~ good ones are out here. By that I mean the Professionals, men who make a living atit, anda 
mighty good living too. They are about as fine a lot of fellows as you. ever met, and fine 
bunch of sportsmen. 

: You know it’s a kind of funny business at that. You see theis fellows don’ t a an nything: | 
- at these Tournaments unless they win it. The prizes generally run to about the first ten. Well -~ 
-sometimes there is sixty or eighty that start, so you can see somebody has got to have some 

other visible means of support than his “Putter.” They pay their railroad fare and all their 
living expenses and if they can 't find that Gopher Hole in less knocks than the other sixty 
why, it’s just too bad. 

I saw ‘em all playing in the $10,000 Professional Championship, where the winner got I 
think $3500, Now Golf is no joke when it gets into jack like that, I have done my fair share 
of kidding about it, but when there is $3500 bucks strung along on the green and you have to 
project a little Gutapercha missle into the empty end of a sardine can twenty feet away to 
get your clutches onto any part of that dough, I want to tell you Boer the humor of the 
game immediately vanishes into cold prespiration . . 

You are shooting for your marmalade on every shot, on every hole, on every day, the. 
thing lasts. There is no three strikes here . . . . Every move is the big one. When one is: sli 
out into the forest reserve nothing goes with it but your week’s board bill, anc 
next Niblick Rodeo. There is not only a story, but a meal hanging on every put 


get the worry of one hole out of your system and onto your handkerchief, then al you have k 


to do is walk up to a nearby executioneer’s stand, and look from there down across a 
beautiful valley ...and by exact geometrical survey just 543 yards and 74th inches is 
located another of these cunning little resepticles in the ground with a mouth no bigger than 
a Higlander’s heart, and to give aid and comfort to you in distress there is a well painted sign 
staring you in the face with the information that if you are any kind of a Golfer whatever 
that four swipes at this little cascaret is all that “Should” be required. That any you take 
over that, you are simply deducting from your own Bank account. 

Then there is a pardner, or accomplice, who plays along with you. You are not sent out 
for company but to annoy each other, if it wasent for watching what he was doing you could 


do pretty good. Sometimes it’s (what I think) is called a match play that is all you have to _ . 
beat is the Guy with you. But generally it’s medal play, (1 think that’s it) then all youhaveto ` 


beat i is i cighty professionals (that you know in your own heart ¢ are better than you) and 
nang Bas and 9; B. Keelers Typewriter . . l 








Then there is wives. Yes Sir these fellows actually have wives, and they are following 
around. What must those poor creatures go through. They all look young. I guess there 
never was an old woman Golfer’s wife, either the strain or starvation get ’em along before 
middle life. I would think one tough season of tournament would wear out about three wives 
on a fellow. Think of the prospects of a new dress hanging on every approach. If he goes in 
the bunker she goes back to last years “Cerise.” Just think of having to see your husband’s 
every mistake. Other wives know of them, but they don’t see ’em happen. Not only you 
seeing what a fool he has made of himself by missing a ten inch putt, “But it was right before 
everybody. What must they think?” Then when you get through the game, the strain is not 
over, you have to wait till the last Guy comes in at sundown to find out what happened to 
you. Oh, It’s a game, don’t kid yourself about that. I don’t mean this Junk these old fat Birds 
go out and call Golf, I mean it’s a game when you have to do it right, or you don’t eat. 
Anything to be done right has got to be done by people that make their living at it, like 
football, look what it has done since it’s for the old ham and eggs. 

But these Golfers are a cheerful lot, win or lose, wives and all. They laugh it off, take the 
husband home, dress him up and send him back for another beating on the morrow. But 
don’t kid yourself Comrades that there is nothing to this game. Put $3500 smackers down 
and tell us we had one putt to win it. I think I would be so nervous I would pick up the caddy 
and swing him at it. 


It is true for both the golfer and the physician that the best work is done by those who earn their living at it. The best 
scores are not shot by the weekend golfer or the part-time physician. The full-time physician is more available and 
usually more experienced than the part-time physician. The physician-clinical researcher is being replaced by the full- 
time physician and the full-time researcher, now often a PhD rather than an MD. Whether practice, research, or 
administration, “doctoring” increasingly requires the single-minded purpose and quality of work provided by those 
who “make their living at it.” 

Back in Will Rogers’ day, the gutta-percha golf ball was in play. That golf ball has undergone about as much 
change as has medicine in the past 60 years. But although the course and tools (clubs) of both golf and medicine. 
continue to change, the stance and swing of both the golfer and the physician remain the same. Compared to yesterday 
the golf courses today are tougher, but the professional golfers of today are better. Medicine today is much more 
complex and difficult, of course, than yesterday. Third-party intervention and waiting lawyers are like being in the 
rough most of the time. The patients in hospitals in the USA today are required to be sicker than those of yesterday, 
their length of stay is shorter, and their discharge sooner. Hospitalization for a diagnostic workup is a thing of the past. 
Today’s golf course of medicine is longer, contains more sandtraps, more “dog-legs,” and less flat greens than the one 
of yesterday, but physicians—as have the professional golfers—have risen to the challenge. The present day ones are 


better and provide better care than those of the past. 


William Clifford Roberts, MD 
Editor in Chief 


Portions of “Golf is Good—When There’s Dough in It!” are reprinted courtesy of the Will Rogers Memorial, Claremore, Oklahoma. 
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bre prescribing, please see full prescribing information. 
ef Summary follows. 
IN TRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
ary cirrhosis. 
F2. Preexisting galibladder disease (See WARNINGS). 
3, Hypersensitivity to gemfibrozil. 
WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities be- 
ween gemfibrozil and clofibrate, the adverse findings with clofibrate in two large clinical 
Lidies may also apply to gemfibrozil. in the first of these studies, the Coronary Drug 
tiect, 1000 subjects with previous myocardial infarction were treated for five years 
clofibrate. There was no difference in mortality between the clofibrate-treated sub- 
s and 3000 placebo-treated subjects, but twice as many clofibrate-treated subjects 
eloped cholelithiasis and cholecystitis requiring surgery. In the other study, con- 
ted by the World Health Organization (WHO), 5009 subjects without known cor- 
ary heart disease were treated with cicfibrate for five years and followed one year 
ond. There was a Statistically significant. 29%, higher total mortality in the clofibrate- 
Ried than in a comparable placebo-treated control group. The excess mortality was 
: to a 33% increase in noncardiovascular causes, including malignancy, post- 
lecystectomy complications, and pancreatitis. The higher risk of clofibrate-treated 
jects for gallbladder disease was confirmed. 
uring the Helsinki Heart Study and in the 1 year follow-up period since the tral 
ompleted, mortality from any cause was 59 (2.9%) in the Lopid group and 55 
Yo) in the placebo group. Mortality from any cause during ihe double-blind portion 
e study was 44 deaths in the Lopid group and 43 in the placebo group. Because of 
ore limited size of the Helsinki Heart Study, this result is not statistically- 
icantly different from the 29% excess mortality seen in the clofibrate group in the 
rate WHO study. Noncoronary heart disease related mortality showed a 58% 
af trend in the Lopid group (43 vs 27 patients in the placebo group, p=0.056). 
the Helsinki Heart Study, the incidence of total malignancies discovered during the 
nd inthe 1% years since the trial was completed was 39 in the Lopid group and 29 
É placebo group (difference not statistically significant). This includes 5 basal cell 
inomas in the Lopid group and none in the placebo group (p=0.06; historical data 
dicted an expected 4.7 cases in the placebo group). GI malignancies and deaths 
wren malignancies were not statistically 
2 different between Lopid and placebo sub- 
“Ugroups. Follow-up of the Helsinki Heart 
study participants will provide further infer- 
mation on cause-specific mortality and 
ancer morbidity. 

2. Agalistone prevalence substudy of 450 
elsinki Heart Study participants showed a 
tend toward a greater prevalence of gall- 
=..-$tones during the study within the Lopid 
= treatment group (7.5% vs 4.9% for the place- 
“bo group, a 55% excess for the gemfibrozil 
= group}. A trend toward a greater incidence 
.- Of gallbladder surgery was observed for the 
i: iLopid group (17 vs 11 subjects, a 54% ex- 
ess). This result did not differ statistically 
rom the increased incidence of cholecystectomy observed in the WHO study in the 
-group treated with clofibrate. Both clofibrate and gemfibrozil may increase cholesterol 
zi excretion into the bile leading to cholelithiasis. if cholelithiasis is suspected, gallbladder 
“studies are indicated. Lopid therapy should be discontinued if gallstones are found. 
. 3 Since a reduction of mortality from coronary artery disease has not been 
_ demonstrated and because liver and interstitial cell testicular tumors were increased in 
_ fats, Lopid should be administered only to those patients described in the INDICATIONS 
= SAND USAGE section. If a significant serum lipid response is not obtained, Lopid should 
» be discontinued. 

"= 4 Concomitant Anticoagulants — Caution should be exercised when anticoagulants 

1 are given in conjunction with Lopid. The dosage of the anticoagulant should be reduced 

- to maintain the prothrombin time at the desired level to prevent bleeding complications. 
Frequent prothrombin determinations are advisable until it has been definitely determined 

that the prothrombin level has stabilized. 

.. 5. Concomitant therapy with Lopid anc Mevacor® (lovastatin) has been associated with 
` rhabdomyolysis, markedly elevated creatine kinase (CK) levels and myoglobinuria, 

~ leading in a high proportion of cases to acute renal failure. In most subjects who have 
<i had an unsatisfactory lipid response to either drug alone, the possible benefit of combined 
= therapy with lovastatin and gemfibrozil does not outweigh the risks of severe myopathy, 
: rhabdomyolysis, and acute renal failure (See Drug interactions). The use of fibrates 
_ alone, including Lopid, may occasionally be associated with myositis. Patients receiving 
Lopid and complaining of muscle pain, tenderness, or weakness shouid have prompt 
". medical evaluation for myositis, including serum creatine kinase level determination. If 
=- myositis is suspected or diagnosed, Lopid therapy should be withdrawn. 
=. § Cataracts Subcapsular bilateral cataracts occurred in 10%, and unilateral in 63% 
_ of male rats treated with gemfibrozil at 10 times the human dose. 
= PRECAUTIONS. 1. Initial Therapy — Laboratory studies should be done to ascertain 
-that the lipid levels are consistently abnormal. Before instituting Lopid therapy, every at- 
2. tempt should be made to control serum kpids with appropriate diet, exercise, weight loss 
_ in obese patients, and control of any medical problems such as diabetes mellitus and 
hypothyroidism that are contributing to the lipid abnormalities. 
= 2. Continued Therapy — Periodic determination of serum lipids should be obtained, 
= and the drug withdrawn if lipid response is inadequate after 3 months of therapy. 
3. Drug Interactions ~ (A) Lovastatin: Rhabdomyolysis has occurred with combined 
2 gemfibrozil and lovastatin therapy. it may be seen as early as 3 weeks after initiation of 
+: Combined therapy or after several months. in most subjects who have had an unsatisfac- 
© tory lipid response to either drug alone, the possible benefit of combined therapy with 
» dovastatin and gemfibrozil does not outweigh the risks of severe myopathy, rhab- 

= domyolysis, and acute renal failure. There is no assurance that periodic monitoring of 

= Creatine kinase will prevent the occurrence of severe myopathy and kidney damage. 
. {B) Anticoagulants: CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
< LANTS ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTI- 

> COAGULANT SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT 
< THE DESIRED LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT 
< PROTHROMBIN DETERMINATIONS ARE ADVISABLE UNTIL IT HAS BEEN 
_ DEFINITELY DETERMINED THAT THE PROTHROMBIN LEVEL HAS STABILIZED. 

4. Carcinogenesis, Mutagenesis, Impairment of Fertility — Long-term studies 

~ have been conducted in rats and mice at one and ten times the human dose. The inci- 
i= dence of benign liver nodules and fiver carcinomas was significantly increased in high 
».dose male rats. The incidence of liver carcinomas increased also in low dose males, 
‘but this increase was not statistically significant (p=0. 1). In high dose female rats, there 
Was a significant increase in the combined incidence of benign, and malignant liver 
neoplasms. In male and female mice, there were no statistically significant differences 
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irom controls in the incidence of liver tumors, but the doses tested were lower than those 
shown to be carcinogenic with other fibrates. 

Male rats had a dose-related and statistically significant increase of benign Leydig ceil 
tumors at 1 and 10 times the human dose. 

Electron microscopy studies have demonstrated a florid hepatic peroxisome prolifera- 
tion following Lopid administration to the male rat. An adequate study to test for perox- 
isome proliferation has not been done in humans but changes in peroxisome 
morphology have been observed. Peroxisome proliferation has been shown to occur in 
humans with either of two other drugs of the fibrate class when liver biopsies were com- 
pared before and after treatment in the same individual. 

Administration of approximately three or ten times the human dose to male rats for 10 weeks 
resulted in a dose-related decrease of fertility. Subsequent studies demonstrated that this. 
effect was reversed after a drug-free period of about eight weeks, and it was not transmit- 
ted to the offspring. 

5. Pregnancy Category B — Reproduction studies have been performed in the rat at 
doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 umes the human 
dose. These studies have revealed no evidence of impaired fertility in females or harm to 
the fetus due to Lopid. Minor fetotoxicity was manifested by reduced birth rates observed 
at the high dose levels. No significant malformations were found among almost 400 off- 
spring from 36 litters of rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that Lopid is tumorigenic in 
male and temale rats, the use of Lopid in pregnancy should be reserved for those pa- 
tients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers — Because of the potential for tumorigenicity shown for gem- 
fibrozil in rats, a decision should be made whether to discontinue nursing or discontinue 
the drug, taking into account the importance of the drug to the mother. 

7. Hematologic Changes — Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional! patients following initiation of Lopid 
therapy. However, these levels stabilize during long-term administration. Rarely, severe 
anemia, leukopenia, thrornbocytopenia, and bone marrow hypoplasia have been 
reported. Therefore, periodic blood counts are recommended during the first 12 months 
of Lopid administration. 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during Lopid administration, including eleva- 
tions of AST (SGOT), ALT (SGPT). LDH, bii- 
rubin, and alkaline phosphatase. These are 
usually reversible when Lopid is discon- 
tinued. Therefore periodic liver function . 
studies are recommended and Lopid therapy 
should be terminated if abnormalities persist. 

9. Use in Children —Salety and efficacy ir 
chidren have not been established. 
ADVERSE REACTIONS. in the double-blind: 
controlled phase of the Helsinki Heart Study, — 
2046 patients received Lopid for up to 5 years. 
in that study, the following adverse reactions 
were statistically more frequent in subjects in 
the Lopid group (placebo incidence in paren-. 
theses): gastrointestinal reactions, 34.2% =~ 
(23.8%); dyspepsia. 19.6% (11.9%). abdominal pain, 9.8% (5.6%). acute appendicitis 
{histologically confirmed in most cases where data are available}, 1.2% (0.6%); atrial 
fibrillation, 0.7% (0.19%). 

Adverse events reported by more than 1% of subjects, but without a significant differ- 
ence between groups (placebo incidence in parentheses) were: diarrhea, 7.2% (6.5%). 
fatigue, 38% (25%): nausea/vomiting, 2.5% (2.1%): eczema, 19% (1.2%): rash, 1.7% 
(1.3%); vertigo, 1.5% (1.3%), constipation, 1.4% (1.3%); headache, 1.2% (1.1%). 
Galibladder surgery was performed in 0.9% of Lopid and 0.5% of placebo subjects, a 
64% excess, which is not statistically different from the excess of gallbladder surgery 
observed in the clofibrate compared to the placebo group of the WHO study. 

Nervous system and special senses adverse reactions were more common in the 
Lopid group. These included hypesthesia, paresthesias, and taste perversion. Other - 
adverse reactions that were more common among Lopid treatment group subjects but 
where a Causal relationship was not established include cataracts, peripheral vascular 
disease, and intracerebral hemorrhage. 

From other studies it seems probable that Lopid is causally related to the occurrence 
of musculoskeletal symptoms (See WARNINGS), and to abnormal liver function 
tests and hematologic changes (See PRECAUTIONS). k 

Reports of viral and bacterial infections (common cold, cough, urinary tract infections) were 
more common in gemfibrozil-treated patients in other controlled clinical trials of 805 patients. 

Additional adverse reactions that have been reported for gemfibrozil are listed below 
by system. These are categorized according to whether a causal relationship to treat- 
ment with Lopid is probable or not established: 

CAUSAL RELATIONSHIP PROBABLE: Gastrointestinal: cholestatic jaundice; Centra! 
Nervous System: dizziness. somnolence, paresthesia, peripheral neuritis, decreased 
libido, depression, headache; Eye: blurred vision. Genitourinary: impotence; 
Musculoskeletal: myopathy, myasthenia, myalgia, painful extremities, arthralgia, 
synovitis, rhabdomyolysis (see WARNINGS and Drug Interactions under PRECAU- 
TIONS); Clinical Laboratory: increased creatine phosphokinase, increased bilirubin, in- 
creased liver transaminases (AST [SGOT], ALT [SGPT], increased alkaline phosphatase: 
Hematopoietic: anemia, leukopenia, bone marrow hypoplasia, eosinophilia; im- 
munologic. angioedema, laryngeal edema, urticaria; Integumentary: exfoliative der- 
matitis, rash, dermatitis, pruritus. : 
CAUSAL RELATIONSHIP NOT ESTABLISHED: General: weight loss: Cardiac: extrasys- 
toles; Gastrointestinal: pancreatitis, hepatoma, colitis; Central Nervous System: contu- 
gion, convulsions, syncope; Eye: retinal edema; Genitourinary: decreased male fertility. 
Clinical Laboratory: positive antinuclear antibody: Hematopoietic: thrombocytopenia: 
immunologic: anaphylaxis, Lupus-like syndrome, vasculitis; Integumentary: alopecia. 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
MANAGEMENT OF OVERDOSE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken should it occur. 
References: 1. Frick MH, Elo O, Haapa K, et al: Helsinki Heart Study: Primary preven- 
tion tral with gemfibrozil in middle-aged men with dyslipidemia. N Eng! d Med 
1987;317:1237-1245 2. Manninen V, Elo O, Frick MH, et al: Lipid alterations and decline 
in the incidence of coronary heart disease in the Helsinki Heart Study. JAMA 1988; 
260:641-651. 3. Nikkila EA: Familial hpoprotein lipase deficiency and related disorders of 
chylomicron metabolism. in Stanbury J. B. et al. (eds.): The Metabolic Basis of Inherited 
Disease, Sth ed., McGraw-Hill, 1983, Chap 30. pp 622-642. 

Caution — Federal law prohibits dispensing without prescription. 
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hats a common denominator of 
most heart attack victims? 


Mixed hyperlipidemias—elevated cholesterol and triglycerides—are 
common among heart attack victims,’ and nearly two thirds of people 
who developed myocardial infarction in the PROCAM Trial had a low 
(<35 mg/dL) baseline level of HDL cholesterol 


HEART ATTACK PATIENTS 
(PROCAM TRIAL)? 


LOPID raised low HDL 25% 


—in patients whose baseline HDL was below 35 mg/dL 


in the landmark Helsinki Heart Study (HHS)? 


Reduced heart attack incidence* up to 62% 


—in these HHS patients and 45% in HHS patients whose baseline 
HDL was below the median (464 mg/dL). Incidence of serious 
coronary events was similar for LOPID and placebo subgroups with 
baseline HDL above the median (464 mg/dL)? 


A powerful case for 


lOPID 2 


600-m 


gemfibrozil ) Sias 


RAISES HDL...DRAMATICALLY REDUCES HEART ATTACK 


LOPID is indicated for reducing the risk of coronary heart disease (CHD) in Type llb patients with low HDL, in addition to elevated LDL and 
triglycerides, and who have had an inadequate response to weight loss, diet, exercise, and other pharmacologic agents such as bile acid sequestrants 


and nicotinic acid. 
*Defined as a combination of definite coronary death and/or definite myocardial infarction. 


References: 1. Goldstein JL, Hazzard WR, Schrott HG, Bierman EL, Motulsky AG. Hyperlipidemia in coronary heart disease. l. Lipid levels in 500 survivors of myocardial 
infarction. | Clin Invest. 1973752:1533-1543. 2. Assmann G, Schulte H; PROCAM-Trial: Prospective Cardiovascular Münster Trial. Zürich: Panscientia Verlag; 1986:8-9. 
3. Data on file, Medical Affairs Dept, Parke-Davis. 
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